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I. Stevenson'}* Theory op Pennsylvania Anthracite. 

Dr. J. J. Stevenson has recently criticised all the leading 
theories* of the Pennsylvania anthracite and found them 
more or less wanting.f He then proclaims a novel one, con- 
sidering it to explain observed facts. The author of the 

♦Except the electricral one prop(»unde(l in 1870 by Mr. .J()8ey)h before 
the S. Wales Inst, of Enicineers. 
tBuIl. Geol. See. Am., vol. .'>, pp. :«) 70, 1893. 



2 The American Geologist, juiy, 189 

present paper being practically acquainted with the anthra- 
cite region of Pennsylvania, as well as possessing some field 
and book knowledge of the principal anthracite fields of Eu- 
rope, is induced to put his notes into tangible shape for the 
purpose of showing that the theory advanced by Dr. Steven- 
son does not suflflciently explain certain phenomena of anthra- 
cite regions, and of that of Pennsylvania in particular. 

It may be well to state Dr. Stevenson's hypothesis briefly. 
He considers that the anthracite of Pennsylvania was origi- 
nally vegetable matter similar to that of which the bitumin- 
ous seams of the western part of that state are formed, but 
that the coal is not now bituminous because the accumulation 
of vegetable matter in the eastern area remained exjKJsed for 
a longer period to the agencies which formed coal (before 
being covered up with sediment) than those of the western 
area. So that the inference is that Stevenson does not con- 
sider the partial metamorphism to which the anthracite series 
of Coal Measures have, as a whole, unquestionably been sub- 
jected, has been instrumental in converting the once bitumin- 
ous coal into semi-anthracites and hard dry anthracites. 

II. Evidences of Metamorphism in Pennsylvania An- 
thracite. 

Now, the writer does not dispute a practically the same 
vegetable origin of anthracite as of bituminous coal. The 
first thing to consider is, what evidence is there that the 
Pennsylvania anthracite Coal Measures have undergone any 
metamorphosis? Aside from the general references made by 
Rogers, Dana, l^e Conte, I^sley, Hunt and others in their 
manuals, text books, etc., the observations of the writer war- 
rant him stating: 

fi. The fire clays of these coal regions are much more com- 
pact, less affected by weather, and heavier and tougher than 
those of the regions further to the west. 

h. The shales (appropriately termed "slates'') are very 
dense, hard and but little aft'ected by exposure. 

c. The sandstones and grits are exceedingly compact, tough 
and generally heavier and darker than in bituminous regions. 
Prof. T. G. Bonney reports observing a (|uasi-gneissic struc- 
ture in specimens sent him. 
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d. The conglomerates— composed chiefly of white and gray- 
quartz pebbles with a few of schist, slate, (piartzite, etc. — are 
extremely compact and dense ; occasionally the adjacent peb- 
bles have been partially deformed or squeezed so that they 
are jammed into each other apparently without fracture. 
Through these conglomerates thin quartz veins sometimes run 
which pass right through the pebbles, the latter exhibiting a 
melted or fused appearance where incorporated in the veins. 

e. The coals are very hard, compact, glassy and weather- 
resisting. 

/. The clay- ironstone nodules are very tough, dense and 
hard. They contain distinct zones of mineralization, and 
crystalline pyrite similar to that found in similar nodules in 
the Alps is common in them. Their very dark color resembles 
both the Swiss and the Pembrokeshire nodules. 

fj. One characteristic of the fossils of this region is their 
black-leaded color or greasy metallic lustre, also observable in 
the slates of Rhode Island, Massachusetts and of the Alps. 

h. The quantity of occluded gas existing in anthracite, 
considering its apparent freedom from interstices and cellar 
structure, is remarkable. 

i. Carbon impregnation, such as streaks of graphite, and a 
more or less general pervasion of diffused blackening through- 
out the series. 

j. Fine crystals of amethystine quartz have been found near 
Pittston, masses of lead and zinc ores in fissures in the coal 
beds near Scranton, smoky and clear quartz crystals nearTa- 
maqua; very hard and brilliantly crystallized pyrite has been 
extensively found near Pittston. 

Viewed as a whole these anthracite Coal Measures are of 
greater specific gravity, more crystalline, more siliceous, 
tougher, harder and darker than those of the western coal 
field of Pennsylvania. 

III. OBJErTioNS TO Stevenson's Theoky. 

1. Chemical considerationa. In order to agree with this 
theory facts ought to show that the percentage of volatiles in 
the anthracite decreases with the depth gf the seam, i. e. the 
lowest bench of coal of any typical seam, other things being 
equal, ought to be lower in volatile matter and higher in fixed 
carbon than the uppermost bench ; or that there is an apparent 
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jxrndatirm in eheinical *'ompoffition from top to bottom <»f the 
seam, dehitnminization having *]fonp on Umj^est smd been 
strongest in thp lowest layers. But piibjiflhed analypesa ilo not 
rovpiai any -^woh r'lian^p that may be regarded as f)f any value 
in this conner^tion.* 

2. ComfUtttth' nfrnfifi**el I'hfimcft'r ttf l^Ptntstflrttnhi tntthr*f- 
rife srams. Steven^'on seeniM to have ba$«ed his theory on the 
H»<»nm])tion that the thiekest and typical beds of anthracite 
were practicnlly ?*olici <*oal from rtoor to roof. A<*tnal obser- 
vation^ and measured detaile<l vertical >e<*tions in the mines 
and "^trippingp reveal the fact that these typical <M>al becis are 
in reality split up horizontally into numerous alternate strata 
of coal and shale, r-oal and tire clay, or coal and san<lstone or 
conglomerate, as the case may be,f so that each seam as a 
whole is really a parallel series of lesser seams, precisely sim- 
ilar in stratijrraphical an<l structural character to the cojil 
])enches and their '^dividing slates'* of the -^Pittsburg'' bed in 
the bituminous region. The split-up character r>f anthracite 
bed** in Pennsylvania coidd therefore hardlv furnish Dr. Ste- 
venson with the argument he u.^es in regard to the "^upposetl 
longer exposure of accumulated coal material prior to burial 
beneath san<l and mud. And a good reason is furnished fi»r 
accounting for the practically uniform ehemical composition 
of the various superimposed, yet separated, layers (»f coal in 
a seam, by the phenomena of the interstratitied beds of shale, 
etc., just alluded to. 

W. f)ehifn uthuZfffi'tH nf mtti n sttiij*' in im'hi fttoi'ft/iosi.s. As 

any stage in debituminization of a coal bed is to s«)me extent 
metamf>rphism. the stage we designate anthracite is a stage in 
the metamorphic process. Graphite is probably metamor- 
pho«ed anthracite, just as anthracite is metamorphosed bitu- 
minous cr>al, or bituminous coal is metamorphosed lignite. 
Mineralogists have not fr»und it pos?»ible to establish any deti- 
nite line r»r stage where metamorphism in roeks begins or yet 
erjd< in the <lirertion of lirjuidity — molten roc*k. In like man- 
ner the fossil and mineralized vegetable matter of eoals (no 
matter of what kinds of plants it is composed) presents no 

♦Cf. A. Ashbiirnor: •'( •JaHsificatinn and Composition of Pennsylvania 
Anthraeitf'M." ]k lt», HH<;. 
t(7. )ii\ <ieol. Snrvw.y Ph., voIm. M\ A2, etc. 
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hard and fast lines for establishing a terminology ; so that, 
just as the coarser as well as the finer grained inorganic 
strata of anthracite coal areas are found to be semi-meta- 
morphic in character, i. e. in a transition stage between 
what may be called normal Coal Measures and decidedly 
metamorphosed strata of similar chemical composition, so 
should the coal seams they inclose be also regarded as semi- 
metamorphosed. There is no escape from such a conclusion ; 
neither would there appear to be any necessity for investiga- 
tors to go out of their way to seek an opposite theory of the 
origin of anthracitification. The point that seems to have 
puzzled us hitherto in accounting satisfactorily for Pennsyl- 
vania anthracite is that the crumpling, twisting and compact- 
ing of the Coal Measures of that region were not sufficient to 
produce anthracite, or that the conversion of the originally 
soft and bituminous coal was accomplished before the great 
upthrust of the Allegheny mountains took place, of which 
change we possess evidence. 

4. Anthracite^ other than in seams^ in the Coal Measures of 
Pennsylvania, Besides the regular or irregular* seams of an- 
thracite coal in Pennsylvania the associated strata are rich in 
films or streaks of coal. These may or may not be detected 
as fossil bark of prostrate trees or in forms sufficiently defi- 
nite to determine their exact nature; such stray or pocket 
deposits are known to miners as stringers, pipes, seeds, 
nests, plies, streaks, etc. Now, these extraneous unimportant 
(commercially) masses of coal in the Pennsylvania anthracite 
regions are not bituminous coal but anthracitic. They are 
apparently just as pure anthracite as are the beds or seams 
between which they lie. If, therefore, Stevenson's theory be 
conceded as applicable to the thicker or regular beds of an- 
thracite, it must apply equally to these scattered filmy patches 
of the same material not in contact with the seams of coal; 
in other words, if it were necessary for vegetable matter to 
be longer exposed prior to burial by sediment in order to be- 
come anthracized, then every individual streak or lamina of 
anthracite embedded in shale and sandstone and presumably 
of vegetable origin must have been longer exposed ere sealing 
down by mud and sand ensued. We cannot admit the one and 
exclude the other; the mere dimensions of the masses of coal 
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typical bituminous coal capped by fish beds* we almost 
possess just the conditions of deposition which Stevenson 
would apply to the anthracite region but scarcely look for in 
the non-ant%racitic areas; so that, if the occurrence of fish 
beds is any index of delayed on-coming mud or sand deposits, 
then, on Stevenson's theory, the bituminous coal ought now 
to be anthracite and the now anthracite bituminous. 

7. Lamination or ^'' grain '*\frequent in anthracite. Had 
the vegetable accumulations really been unusually long ex- 
posed to the coal-forming process prior to sealing over by 
sand etc., as per theory of Stevenson, it seems not unlikely 
that the process would have caused the entire obliteration 
or extinction of the " grain "' or horizontal lamination of the 
coal, in a manner somewhat analogous to modern peat, which 
we know loses its fibrous or original plant structure the older 
and the deeper it gets in the bog. That this anthracite of 
Pennsylvania possesses its original lamination structure is 
perhaps not so widely known or admitted as it deserves to be. 
As a matter of fact there are very few layers indeed (or hand 
specimens for that matter) to be picked up anywhere which 
do not clearly reveal this lamination when looked for; in fact 
much of it is as apparent and as sharply and as clearly pre- 
served as the lamination or characteristic grain of the typical 
bituminous coal of the western coal field. Excepting for dif- 
ferences in fracture and lustre it is often difficult to tell 
specimens of anthracite and soft coal apart. The peculiar 
shelly and rugged fracture of anthracite and the oblique 
cleavage planes by which it is so generally broken up, make 
the grain of this coal comparatively obscure. 

IV. Pennsylvania Anthracite had a Metamorphic Origin, 

BUT IS NOT A Product of Folding. 

It is perfectly clear, therefore, to my mind that whatever 

was the cause of the debituminization or anthracitification of 

the coal of the thick seams as well as of that upon the fossil 

plant remains, and the local scattered insignificant pockety 

patches or films and streaks of coal enclosed in the slates and 

sandstones, it was one and the same. And since the whole 

*Cf. Bull. U. S. Geol. Sur., No., 65, 1891. The author has discovered 
a fish horizon on top of the main bench of the ^'Pittsburjjf coal." Se* 
Final Report Pa. Geol. Surv., vol. iii, part 2— second footnote on 
page 2,452. 
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pile of the Coal Measures of the region are metamorphosed 
though not to the same extent, the contained eoul in all its 
forms and at all horizons is more or less metamorphosed. The 
origin of the anthracite of Pennsylvania then |v'a8 certainly 
a metamorphic one ; and not due or confined only to the certain 
horizons — the beds of coal — as Stevenson seems to suggest. 

The writer does not agree with those who suppose that the 
metamorphism apparent in the eastern Allegheny coal fields 
was principally a result of folding, crushing, thrust-pressures 
and of Assuring, which aided the escape of the volatiles of 
the coal; but he would venture to submit what he will call 
the hot water or hydrothermal theory, as possibly the most 
rational one yet advanced, or the one to which all the observed 
facts or phenomena of the region in Pennsylvania (and certain 
others besides) fit best. By hot water he does not mean t(> 
suggest that the ('oal Measures and the coal seams were de- 
posited in. thermal waters, but that heated waters subsequently 
were instrumental in doing most of the observable metamor- 
phism in a manner to be presently indicated. 

V. SEgUENTE OF GEOLOGICAL EvENTS PRODUCING PENNSYL- 
VANIA Anthracite. 
This theory will merely be stated generally or by way of 
a formal or working hypothesis, based on lines as broad as 
possible and compatible with the most recently advanced views 
bearing upon the. fundamental and essential points in thi8 
connection. Attention is therefore directed to: 

1. The Pennsylvania anthracite fields or basins, as is well 
known, consist of a rudely parallel series of plicated canoe- 
shaped troughs lying in still larger similarly shaped syndines 
of Sub-Carboniferous rocks of vast thickness (4,0()() to 5,000 
feet says Dana) and forming part of a series of very thick 
strata (30,000 feet) of still older formations now involved in 
the general elevated mountain chain of folded and crumpled 
rocks known as the Appalachian uplift. In reality the anthra- 
cite basins are outliers (or remnants of a once enormous coal 
region), which owe their preservation from total annihila- 
tion by denudation to their synclinal or pockety forms. 

2. There are remnants of what was probably a great thick- 
ness of Permo-Carboniferous rocks in the anthracite region. 
These occur near Wilkes-Barre and near Pottsville, and 
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doubtless they were originally part of the same series of beds 
much more exti^nsively pres^ved in the southwest corner of 
Pennsylvania. 

3. We ha\^ already seen that the Coal Measures of the re- 
gion in question are characterized by strata of sandstone, 
grit and conglomerate ; shale and clays being comparatively 

« 

unimportant, limestones still more so. 

4. There can be no doubt but that as these Coal Measures 
were deposited by and in water they would be saturated there- 
by as the area of deposition subsided, and so would retain 
most of the wat^r, just as the gravel beds, quicksands and 
sands do in estuaries and in valleys, or as the porous breccias, 
conglomerates and sandstones of the Permian and Triassic 
series in many European localities are heavily watered. 

5. The coarse character of the strata implies a not distant 
coast or shore line or land, of course undergoing waste by 
erosion and denudation. Proximity to the shore coupled 
with coarseness of sediment also implies a relatively thicker 
vertical pile or series of Coal Measures than would be 
deposited further offshore and in deeper water and charac- 
terized by rocks of finer grain. The Pennsylvania Geological 
Survey computes the vertical thickness of Coal Measures in 
the center of the southern anthracite basin at about 4,000 
feet, and for all we know this thickness was probably greater 
once, even greater further to the east and northeast. 

6. The greater the vertical thickness of strata laid down in 
practically uniform succession one above another, the greater 
the subsidence of the area of deposition. 

7. Strata- building must come to an end somewhere — some- 
time ; and in the case of the Pennsylvania coal-area it is highly 
probable it ended with the Permian age, in other words the 
topmost or last-formed bed of that series (wherever it 
may have been deposited) was the proverbial straw that 
broke the camePs back; that is to say the weight and subsi- 
dence of the Paleozoic rocks had by that time become great 
enough to bring them within the limits or zone of sutticient 
interior earth-heat to produce a softening of them accom- 
panied by some swelling or tendency to swell. The absence 
of Permian and Triassic rocks over the Coal Measures toward 
Ohio, Indiana, Missouri, and still farther west, and from wliiit 
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waa probably the Permo-<l'arboniferourt in t^e :inrhra<*it** 
re^on of Pennsylvania show?* that there is* reason to "Suppose 
that the mA^t* above the anthracite r»r>al was4 heavier than that 
above the hituminoup eoal. 

8. On the ?4iippo»ition that thi^* regional «*ub8ideace ( pro- 
duced by the vas^t thickness* of rock."* ) was profound enouarh 
and maintained long enough to allow the rocks to be atfe<»ted 
by thij? heat to ^uch an extent or degree, a>* to materially raise 
the temperature of the included water, then the «M>mbineii 
actions of heated and compressed waters upon the «*ompa<'ted 
rocks, would produce change in the physical and <'hemical 
conditions of the included coal beds. 

ft. The coal, its pr>res being saturated with waters «)f its 
accumulation, thus subjected to hot water under pressure, 
would, in all probability, gradually undergo debituminization. 
and acquire a denser or more homogeneous texture. The 
natural inference is that the lower beds would be the most 
altered, just as the rocks of the deepest part of the subsided 
region would become most metamorphosed. 

10. A softening of strata means a weakening of it. and 
weakness leads to yielding or giving way. 

11. In order that our softened and thereby weakened <'oal 
Measures might yield or give way. the only dire<*tioQ in which 
movement would be possible would be upwards or away from 
the seat of metamorphism : a bulging upwards might there- 
fore be expected to follow. 

12. Accompanying this upswelling of the rocks would be 
subaerial denundation. and in conduction with the assumed 
lateral thrust given to the risiRg mass of rocks by the N^rder- 
ing and perhaps now subsiding land, it seems pro|>er to sup- 
p<»se that a»evere folding and rapid elevation into mountains 
would take place. Dnce the region began to ris*?. weakness 
would induce plication, plication and elevation would prmluce 
shrinkage, cracking, cooling, and extensive wearing away 
WfMild accompany these processes. It is highly probable that 
mountain forming or the elevating process would go on much 
faster than removal bv denudation or erosion. 

13. In the case of the Pennsylvania anthracite region it is 
supposed that the side-pressure on the uprising Coal Measures 
et^?., was mr>st severe or o|>erated mainly from the east, thus 



Observations on the Occurrence of Anthracite, — Gresley, 11 

• 
creating anticlines which have their steeper slopes facing the 

west, as is found to be the case. 

U. The cooling otf of the strata and the deep-seated or 
elevating pressures combined, would produce the jointing, 
fissuring, and all the observed slip-cleavage in the coal, etc. 

Such then, is about the best or briefest description the 
author can give of the successive geologic events to which 
the anthracite in Pennsylvania is probably mainly due, and 
upon which we would look back as having brought this splen- 
did fuel within our reach ; for had the Co^al Measures remained 
down there in plutonic regions, where the anthraciting pro- 
cess went on, the probabilities are man would have been unable 
to reach it. This coal then I claim, is essentially a product of 
the origin, cause, and process of mountain-making, i.e. inter- 
nal heat acting upon water-soaked strata of vegetable matter 
4ind inorganic sediments, depressed far enough below the 
surface (prior to a necessary upheaval) to put the rocks 
through a process of '' cooking" ; which process of course 
operated more or less according to depth, kind, and aiyount 
of water, the variable character of the indivdual beds and 
local influences. Thus we find this anthracite is associated 
with the remnants of high mountains, composed of a great 
thickness of sedimentary rocks; the coal-seams being accom- 
panied by sandy and pebbly strata originally filled with water, 
which water, on becoming heated, and kept hot long enough^ 
was principally instrumental in changing the once bitumin- 
ous coal into semi-anthracite and pure anthracite. 
VI. Evidences of Former Hydrothermal Agency in the 

Region. 

So much then for the theory. We will next see if there is 
. any evidence in the region that internal heat of the earth was 
an agent in anthracite making. American geologists have 
reported no less than 56 hot springs occurring on the strike of 
the folded and twisted strata passing through the anthracite 
regions. That the origin of the lead and zinc ores, already 
mentioned as occurring in the anthracite, may be ascribed to 
ascensional thermal waters seems reasonable.* 



♦"Grenesis of Ore-Deposits,'' by F. Posepny in Trans. Am. Inst. M. 
£., 1803. 
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VII. Anthracite Artificially Produced from Ordinary 

Coal. 

In the Museum of Economic or Practical Geology, London, 
Eng., are (or were) samples of perfect anthracite, which were 
formed by Mr. Oakes at Alfreton Iron Works, Derbyshire. 
His process was heat applied to bituminous coal under pres- 
sure and presumably in a liquid medium, anthracite being the 
resulting product, not coke. 

VIII. Wood Changed into (^>al Hydrothermally. 

Daubree converted wood in water under pressure to a tem- 
perature of 575*^F. into anthracite almost as hard as steel. 
Geikie cites "'an example of the alteration of vegetable matter 
into coal by water, elevated lemperature and pressure ob- 
served a few years ago in the Dorothea mine, Clauthal. Some 
of the timbers in a long disused level filled with slate rubbish 
and saturated by mine water, were found to have a leathery 
consistence when wet, but on exposure to air hardened to a 
firm coal, with the fracture of a black-glossy pitch-coal.'' The 
writer has an account of a peculiar discovery made in 1885 at 
a Spanish iron works. A large steam hammer and anvil, 
which had been erected nine years previously, had to undergo 
some repairs. On taking up the large blocks of oak beneath 
the anvil a considerable portion was found to be converted 
into a black carbonaceous substance not unlike anthracite, the 
process of conversion from wood to coal having evidently 
taken place by percolation of hot water aided by pressure or 
blows on the anvil. Again, E. S. Motiat* describes the alter- 
ation of portions of crushed props and wedges into true coal 
which had the characteristic cross-fracture, sharp and con- 
choidal, jet black in color, specific gravity 1.88 and a hard- 
ness the same as anthracite. These timbers were placed in an 
anthracite mine at Scranton. Pennsylvania, some 30 3'ears 
previous to their discovered alteration. The place had been 
on fire for a long period and then deluged with water to put 
it out. The place where the timbers were was also filled with 
mine refuse, which being subsequently dug out revealed the 
carbonized timbers. Here then we have an instance of water 
heat and pressure converting vegetable matter into something 

*'*X()te on the Formation of Coal from Mine timbers." Trans. Am. 
Inst. M. E., 1887. 
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<*losely resembling Carboniferous anthracite, and in an anthra- 
cite mine, a rather suggestive coincidence. 

IX. The Anthracite Region op Pennsylvania a Typical 

One. 

Now, we may certainly regard the anthracite region of 

Pennsylvania as a typical one. And if a satisfactory origin 
of /7.V coal can be found it ought not to be difficult to account 
for anthracite in other regions. We will, therefore, follow up 
the inquiry in America and then cross over to Europe. 
X. Other American Anthracite Regions. 

In Tennessee and in Georgia semi-anthracite occurs. The 
thickness of the Coal Measures in Tennessee is great, but in 
Georgia denudation seems to have carried them almost away. 
In Tennessee we get conglomerates associated with the coals; 
and in Georgia, as far as they go, coarse strata predominate. 
Both in Tennessee and in Georgia the Coal Measures are folded 
and disturbed. In both these states the Carboniferous flanks 
or belongs to a mountainous range and is considered to have 
come within the influence of some metamorphism in p«st 
geologic ages. 

In Arkansas the coals are said to get more anthracitic as 
traced or tested in an easterly direction.* Winslow and Mac- 
farlane say that sandstones, shales and conglomerates make up 
almost the entire list of the rocks, and while folding and an- 
thraciticism do not seem to be concurrent phenomena here, 
we have the Carboniferous undoubtedly underlain with Silu- 
rian and folded Huronian, because they come to the surface 
east, south and southwest of the coal field. Thus, although 
the physical geology of the coal region in Arkansas may be 
said to resemble that of the ty])ical Pennsylvanian region, the 
characteristic features of the former are dwarfed into com- 
parative obscurity. It is well known that the little crumpled 
and metamorphic outlying graphitic-anthracite field of Rhode 
Island and Massachusetts is bound uj) with rocks of a region 
characterized by foldings, faults and other evidences of deep- 
seated disturbances and alteration. The Coal Measures are 
decidedly conglomeratic and siliceous in character and proba- 
bly originally extended into Pennsylvania, and soon west and 
south, and possessed a great thickness. Macfarlane and Dr. 



♦Ark. Geol. Surv. An. Rc|Mnt. 1HS8, vol. ;j, C(.al. p. .")! 
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K. W. Kaynjond reftr to roiiMd**mhJf iintibnirit<» in New Mex> 
U'tt. Whether the ftmtii are or were i+ure thick is uncertain, 
but ^iandetoues ii>Kmnd in the *.erief, tl>e rna]{: being tilted vari- 
f»UKlT: the reg:ion ifr njountninouf iind contain* tinmistakable 
pro<»f of vulcunic'itv or iDet4Lnj(irj»b<»«ift. 

W. H. Merritt. F. G. S^ of T^»rf«ntJ^, < an ad a, inforn]> me 
that he find* extendi re area* of anthracite ccoil (originally 
ligniteti) a^^x-iated with a jirejK»nderance of sandstone strata 
in the < anadian great Northwest. These coals are almost cer- 
tainlj of Cretaceous age. and <^»crur between ranges of the 
Koeky mountains indicative of meiamorpbism.* 

In ('oloradf* there is anthracite; the I'oaJ Measures are 
probably quite thick : they are folded and fatilted: not far 
removed from ign€M»u^ and metamorj:»hic rocks and belong to 
a mountain system. 

Prof. A. H. <»reen and E. Lane inform me that coal beds of 
a decidedly anthracitic character occur in Peru, They are 
stratified with sandstones, much crumpled and are adjacent 
t^» or incorporated in mountains. 

Idaho possesses sc»me anthracite, but its association with 
baked shales traversed by dykes places it in the category of 
the result of locnJ or ^-ttntorf tHttiimorpki>9n^ with which we 
are not now dealing. 

I>r. H. M. < hancef reported that in the Indian Territory, 
which is south of Arkansas, the thickness of the Coal Meas- 
ures is between 8.50(» and 10,(HH» feet. The strata are mark- 
edlv sandstones of massive character. The coals exhibit evi- 
den^e of decided conversion in the direction of anthracite; 
the strata are considerably distorted into anticlines and 
troughs: the c(»untry is elevated if not mountainous, in fact, 
X^j quote ( hance, "Top^^graphically and structurally the Choc- 
taw i'oal fields represent in miniature many of the features of 
the anthracite regi<^»ns <if Pennsylvania. The measures are 
flexed by a series of anticlinal and synclinal folds not usually 
ari -harp a- those af the anthracite, but in many respects very 
similar. While all the anthracite basins are surrounded by a 



♦••Not*-*? ftu S<.'Uif Coals in Western Canada." in Trans. Am. Mining 
IuhX.. vol. !•<. j». .'il3. 
'^"(it^jhn^y of the Ch<»ctaw C<.»aj Field." in Trans. Am. Miniwg Inst.* 

vol. If?, p. »>*-*i. 
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mountainous rim, of which the outcrop of the thick and mas- 
give conglomerates forms the core, the Choctaw basins are 
enclosed by a ridge, sharp and bold in places, but rarely 
mountainous, formed by the outcrop of the basal sandstone. 
Whether this rock is the equivalent of the Conglomerate or 
not is yet wholly conjectural." In this coal field analyses 
show the coal to be least anthracitic in the west and most so 
towards the Kavanaugh mountains on the east, in which di- 
rection also the greatest pile of Coal Measures occurs. 
XI. European Anthracite Regions. 

The Irish-South-Welsh coal field. That we have good 
grounds for supposing the southern Irish anthracitic basins 
were originally part of the South Wales coal field few if any 
will deny. Now, as is well-known, the anthracitic portions of 
the latter region and all the Irish anthracite is topographically 
and stratigrapically very similar, that is to say both are adja- 
cent to or flank regions composed of pre-Carboniferous rocks 
of great vertical thickness, though now much folded and enor- 
mously planed down by denudation. The South Wales Coal 
Measures, and perhaps the Irish too, are characterized by 
thick and very numerous strata of sandstone and of grit.* 
Some 12,000 feet is the reported thickness of the Coal Measures 
in Glamorganshire. Is there any reason to suppose that this 
thickness was less where Pembrokeshire, Carniganshire, or 
the St. Georges channel now are? It is true the Devonian 
series thins out in a westerly direction below the South Wales 
coal field. Furthermore the Silurian, Cambrian and older 
rocks of this region of Great Britain are, in a sense, metamor- 
phosed, and local streaks of anthracite are known to occur in 
the Silurian. A reference to the generalized sections herewith 
shows the author's idea as to where the greatest original 
thickness of Carboniferous rocks perhaps was, namely, — 
where the channel is now (see section No. 1). No. 3 shows 
Ireland and South Wales above sea level with the anthracitic 
regions as now remaining after the general upheaval and con- 
sequent crumpling and faulting (seen in section No. 2) and so 
largely removed where the curved dotted lines are in section 
3. If my views in regard to the^e formations and changes 
be something like correct then the inference is the thickest 

♦See Mem. Geol. Surv. of G. B., vol i, paper by De la B^he. 
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pil** of *<trat» WrtJ4 in P«»mhrok*»«»hire. rurdiganshire. or a litTl*^ 
we^t of riK^TTi, rtnd thf^r^fon* it wan therp that «4iib»ideni'»f wi»* 
j(rr>atf^t and moMt h<*ar or maxiniiim debitiirainizution of the 
^oal Ptf*v*red thff markefi :4ilicfH>u<i or ^landy <"haractt*r of the 
m^a«iir«*fl, aidinf^, by rpanon of its* in«*lnde<l water, the prn4»e?»t*. 
not a little. That the notefl gradual ''hanj^e in the eompo^itioa 
or kind* of ^-oal of th«* South Wale?* basin will be in general 
aj(r«'ement with the hydrothermal hypothe!*is now advanced 
j^eenm probable. The deep—ieatetl hydrothermal theory for 
anthraeite would appear to fumi.**!! a reai»onable explanation 
a« to why. in the South Wales* coal lieltL the lower coals, a?* 
ff»l lowed eartt beneath the upper j^eamj*, become more bitumi- 
nous. The theory al?40 prf»vide«4 a reai»onable explanation of 
the phenomenon of practically flat beds of pure anthracite ai* 
they «)ccur in Ireland: a clittlculty in accounting for which 
haft we think hitherto been felt. Structurally then, there 
is little difference between thr anthracite regions of Wales 
and Ireland and those of Pennsylvania; especially when the 
points^ of the compass have been reversed, be<rause in Penn- 
sylvania the change towards anthracite is in the opposite 
direction to what it is in Wales. However it all points to a 
continent in the North Atlantic region from which the Pale»3- 
zoic strata were derived, and which perhaps operated princi- 
pally in producing the great regional upthrust and puckerings 
of the earth-crust after the eoal period. 

That the Coal Measures in Devonshire and in Brittanv. 
whose leading features may be said to be great thickness of 
<>iandy shales, sandstones, grit and compaet gray iiuartzites.* 
with interst rati tied, though thin and unimportant (commer- 
cially) layers of anthracite, highly crumpled and often much 
altered (V metamorphosed), and depressed between elevated 
areas of older ro<*ks — is significant in this investigation. 

In passing, we should not forget the great thickness and 
sandstone characteristic of the Somersetshire coul tield and 
its suggestive highly-disturbed southern border, along which. 
unh^ss I mistake, the lowest coal beds are less bituminous than 
the higher and flatter seams. 

Sir Areh. Geikie savs "Some Lower Silurian shales are 
black from ditfused anthracite.'' 
*H**e !)<• la IJ^che's report on Cornwall and Devon. 
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Prof. Thomas in " doal Mine Gases and Ventilation,'' 1878, 
8ayg,*'the anthracites are derived probably from organic ma- 
terials which become buried very rapidly under a considerable 
thickness of inorganic matter." In the coal basins of Mons, 
Valenciennes and Liege, the same coal beds which are decid- 
edly bituminous ((fras) near the surface gradually become 
anthracitic us traced downwards till they pass into true 
anthracites. In viewing these French and Belgian regions 
we should bear in mind how the Coal Measures are squeezed, 
rolled up and faulted against or by very great thicknesses of 
older strata, evidently thrust up from once very much deeper 
and warmer regions. A fault exists somewhere in the Pas de 
Calais coal fields with a throw of about 1,200 feet, the down- 
cast side being towards the south. On each side of this frac- 
ture of displacement, at a depth of 900 feet or so, the percen- 
tages of volatiles in the coals was markedly different, those 
on the downthrow side having 28 to 80% as compared with 
only 12 to 18% in those on the upthrow side. This shows 
that the deeper the seams are the more anthracitic they get, 
and that the loss of volatiles was brought about before faul- 
ting occurred. That somewhat similar phenomena are to be 
met with in the deeper shafts of collieries in North Stafford- 
shire, Cheshire, and Lancashire, the writer has reasons to be- 
lieve, at all events the deepest seams, as a whole, approach 
the characteristics of anthracite more than the uppermost 
do. 

In the Prades coal-field, France, M. Roussellier described 
the Coal Measures as reposing in a basin of the Ardeche crys- 
talline rocks, those overlying and underlying the coal series 
being chiefly gneiss and mica-schist. The coals have variable 
dips, and locally, complete contortions are found. *^The 
Coal Measures are chiefly composed of variable beds of sand- 
stone and conglomerate, there being very little shale.'' The 
measures are about 360 metres thick. Tho field is said to be 
ruptured by a modern volcano, but whic*h ** has in no way 
altered the Coal Measures." " Tin? coal is poor anthracite.'^ 
Prof. E. Hull wrote of the Asturias coal region in Spain, 
the chief features of which are '*coals belonging to three 
clashes, viz., anthracite, senii-bituminous and bituminous." 
The strata are thrown into high angles varying from 50*^ to 
70^ and the topography is decidedly hilly. 
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XII. Asiatic and Other Anthracite Regions. 

In Asia Minor, Spratt refers to semi -bituminous coals asso- 
ciated with shales, schists, sandstones and conglomerates of 
great thickness in a valley between high ranges of hills, the 
coal beds lying in folds, etc, (See Q. J. G. S., vol. 83, p. 524.) 

The Singareni coal field, Hyderabad, India, (according to 
Mr. J. P. Kirk up) reposes in a basin or valley surrounded by 
raetaniorphic schists, etc. Its coal beds are bituminous to- 
wards the surface and semi-bituminous in depth. They are 
interstratified with sandstones and exhibit the usual faulting 
and bending up against the basal rocks, which are greatly 
eroded. 

In Annam. at Nong-son, P. de Bure mentions coal of an- 
thracite nature embedded in slaty sandstones, and having 50^ 
inclination. 

In India, in Sikkim, very coarse-grained ( -oal Measures oc- 
cur, carrying seams of anthracite coal. The beds are much 
tilted and the region is adjacent to the Himalayas. 

Again in China, good anthracite is reported to occur in the 
hill country not far from the sea coast. The seams are highly 
inclined and, as followed upwards in order of formation, are 
found to grade into semi-bituminr)us and strictly bituminous 
coals. 

In New South Wales there are said to be about 11,000 feet 
of Coal Measures in the whole coal system. In the Lower 
Coal Measures (Greta series) semi-bituminous coal beds occur 
and conglomerates are by no means unknown. 

In Tasmania we read **the sandstone cropped out with the 
coal at Port Arthur." "The first coal wrought in Tasmania 
was the anthracite of Port Arthur.'* 

In Japan anthracite coals are stated t^ occur. 

Alaska, Vancouver and Queen Charlotte islands are also 
reported to possess beds of fine anthracite. 

XIII. Conclusion. 

In regard to the hot water theory, it should be said that 
hi(/h heat was not necessary to convert bituminous coal into 
anthracite (Le Conte). Probably HOO'^ to 400^F. would suf- 
fice to make the change. Daubree found that when the waters 
of conversion were alkaline, it took less heat to accomplish 
metamorphosis; in other words, alkali or mineral waters aid 



^^m 



*• /........< 



'"'.'H 



-. ♦ • Ti 



I > 



\ \\ 4,r(:ifiri n;»-. "♦■- 



; .1" 



I I 






■■ - ,»r» -ii ,1.,. .•-) •^|«^nI7f*|| \v. "n 

•■■-'' -'■■ ■' ■ • • .'-.." •■,- r . , ,ri(t«4ron»' :i 

• " .'..»' - - ",.1.. i-ff ...f.^t* Tirw.ri hr -r-- hvur<»- 

•r'''^. '' .•'-.-, r»rr iTifi rr.r ,;|ifr] X'.\%- '"JtlllK* f- ^^ fl 



_';t 



r« * 



•J ■ ,•■ 



■ .'••■ 



T., ' - , T • ' V .. •' . *' '..r.* '. r\\Mtti-;r:tn4iinii. 1" • r»* i ilu- 

,.; ;_; ;' .' .. ,.r. ■:..._' .,► -.1 ..Mt-..^n :r «1 ' '•;:fni TI 112 III- >!4f • ' t:** 



' I- 



I . ' • ,1 



1 1 



: 1 



.• •'' ■"< :tr-^'- •' 'i r.vkfj -• \ -1 r:inii*!tf I'.a HituKi:nniis 

■- ■ \-', ."!».» '.. \ -paw -i.'^iit* :!:^i!r ■ !"»n • le ::ari- 

« ' ; •' \ f' - •• -' i^i ' "'Tir-ii : • « ■i'.rrir>«mi>ri> j>.- 



■! •• • ■■' 



I 



•■ •:..-. -j-h''- . .^•"■.ri?wrr:,r»M| 1 :i> •■ r-.Mi!Urii;iIlv*^\ ^ flUS 

, , ; ' . . . • *^ ■'■■J' ■•"•**" ''i;!!! .t :U»n- '•'»• f-Uf'f. Alllt 

:,- ■,•1- .' ♦^^ ' -••^■v.' ':i;ir jinriir:ifj!t' i':iiv viivf- i»et*!i 

■ ..(\ ;,v •■ 'j-'n'-ii >Mr »ru.»rnhi?»!ii 11 "lie iD!}t«nr«* •! ;iny 



< i.i^ >!ifir;r ■■ ' «if ■' ^'' "■T>*'*<it;i.ri ..f Pa. Antlira«.*iT»-«.* ^v (\ A. Atih 



Observations on the Occurrence of A nth ran' fe, — Greslcii, 21 

such situations seem to be at present unknown, undeseribed 
or comparatively insignificant — the exception rather than the 
rule. 

Thus it seems reasonable to suppose that wherever strata 
carrying coal-seams (no matter of what geologic age) were 
accumulated over regions of great thickness of older sedimen- 
tary rocks, or where conditions favored or ultimately led to 
subsidence, followed by extensive and prolonged elevation, 
where the coals underwent partial metamorphosis, they were 
thrust up, enormously reduced in bulk by denuding agencies; 
the reason why they gi^nerally now occupy or are principally 
confined to elevated situations (stratigraphically) is explained. 

If therefore extensive beds of anthracitic coal are not met 
with or do not exist in regions characterized by flat country 
and comparatively level strata,* the reason is because the 
Coal Measures are not in proximity to existing or extinct 
(eroded away) mountains, and do not overlie stratified rocks 
of excessive vertical thickness. Thus the origin of anthracite 
is connected with one of the greatest or most profound pro- 
blems in physical and dynamical geognosy. 

If there be anything to be gained practically from this 
theory it is that it is of little use looking for anthracite ex- 
cept in regions where mountains exist or were once upon a 
time a feature of the topography as the uptilted and eroded 
strata may be evidence of. 

If ray observations shall lead others to make further and 
closer investigation in this connection, with a view of substan- 
tiating or refuting my hot water theory for anthracite, and 
other collateral conclusions, and assisting to get at and estab- 
lish the truth of the matter (so far as is permitted to us), 
the writijr's aim will have been achieved. The elicitation of 
suggestions is respectfully invited and a wholesome criticism 
anticipated. 

*E. g. Northumberland, Durham, York., Nott., Derbyshire, Ohio, 
Ind.. Micb., 111., &c. 
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SERIAL NOMENCLATURE OF THE 
CARBONIFEROUS. 

By Charles R. Keyem, Jefferson City, Mo. 

When the problem of subdividing the Carboniferous of the 
upper Mississippi valley eame up for consideration, a few 
years ago, it was found that the limits ascribed to the com- 
monly recognized divisions were not only unnatural ones but 
that they were not the same in different states or even in all 
parts of the same state. It was seen, however, that with some 
moditication of the existing arrangements, in Iowa and Mis- 
souri particularly, all the strata of the upper Carboniferous 
could be grouped into two series corresponding in a general 
way to the *' lower" and "upper" Coal Measures. It was 
then proposed to abandon the old names and to offer in their 
stead the geographic titles of Des Moines and Missouri.* 

Since the two terms mentioned were first introduced into 
geological literature they have been extended to other parts 
of the region. In several cases, however, there appears to be 
some misconception regarding the original usage of the terms 
and their exact taxonomic rank. This misunderstanding of 
the real extent of the terms is particularly noticeable in two 
recently published articles, one on the lower portion of the 
Kansas Coal Measuresf and the other on the upper part of 
the Carboniferous of the same state. J The accompanying 
note, however, is not intended as a criticism on the excellent 
work lately done in Kansas. It is rather a statement made at 
this time to correct certain erroneous expressions which do 
not appear to be confined entirely to those papers already 
published, and to point out more clearly than has been done 
the exact vertical extent of the formations and the relations 
of the Kansas divisions to those of the neighboring states. 

It is well known that, on account of the great industrial 
value of the mineral deposits contained, the Coal Measures of 
the Mississippi valley were the first to receive special geologi- 
cal attention. Yet notwithstanding this fact it has only been 
of late years that satisfactory information has been obtained 
upon which to base a subdivision that is applicable to the en- 
tire Western Interior province. The local classifications, if 

♦Iowa Geol. Sur., vol. i, p. ST), 1S91. 

tKansas Univ. Quart., vol. in, pp. '271 27S, 18iC). 

JJournal of Geoloj^'v. vol. in, p. 8(K), ISJC). 



Serial Nomenclature of (he Carboniferous, — Keyes, 23 

they may be so called, have been very general and very inde- 
finite. In no way are any of them to be exactly parelleled 
with those of adjoining localities. Moreover they are per- 
fectly arbitrary, with little or no attempt to delimit the for- 
mations either on natural, stratigraphical or faunal grounds. 
Of late, detailed investigations by diiferent individuals have 
been going on over a large portion of the region, first in Iowa, 
then in Missouri and finally in Kansas, with some reconnais- 
sance work in Nebraska, Indian Territory and Arkansas. A 
sufficient number of facts have now accumulated to indicate 
plainly the positions of the lines of demarkation between the 
principal larger divisions. These have been found to be well 
defined over the whole basin. Smaller subdivisions, which are 
of only local consequence and which difl^er widely in different 
localities, may be established later. Local members have been 
already named for the greater part of Kansas. Progress in 
the same direction has been made in Missouri and Iowa, 
though the naming of the minor subdivisions has been 
deferred until a careful comparison in all the various aspects 
can be undertaken. The subdivisions of the Carboniferous 
heretofore usually recognized in the Western Interior basin 
are: 

1. Permian. 

2. Permo-Carboniferoue. 
.3. Upper Coal Measures. 
4. Middle Coal Measures. 
Vi, Lower Coal Measures. 
6. Lower Carboniferous. 

The Carboniferous rocks of the world are commonly re- 
ferred to one of three great classes: the Lower Carboniferous 
(Sub-Carboniferous), Carboniferous proper (Coal Measures), 
and the Permian. In the Mississippi basin only the first two 
of these have heretofore been considered as well marked divi- 
sions. The third and uppermost has claims to recognition 
west of the Missouri river, but it is doubtful whether in any 
of the region east of that stream this member exists. Al- 
though so important a formation in many parts of Europe, 
where all members of the (^'arboniferous were first studied and 
defined, the 8o-calli»d Permian of the Mississippi province 
does not assume such great importance as a ^distinct geologi- 
cal division. In the region under consideration the beds re- 
ferred to it occur in Oklahoma, Kansas and Nebraska. 
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It is proposed therefore to recognize in the **upper" Car- 
boniferous of the Western Interior province three series hav- 
ing equal taxonomic rank. The entire Carboniferous of the 
region would be arranged as follows : 

I Oklahoman. 

Cabbonifeboc8.^ MiBeourian. 

I Dee Momes. 

i Mississippian. 
The Mississippian series is the basal portion of the Carbon- 
iferous. It is almost entirely composed of limestones and the 
more open sea depositions, which contrast sharply witii the 
shore deposits superimposed upon them. A marked line of 
unconformity separates the two classes of deposits. From 
this line it includes all beds below to the Devonian. To this 
basal series of the C'arboniferous the term "Subcarboniferous" 
was widely applied until recently, when the title *'Lower Car- 
boniferous" was substituted. The history of these names and 
their various applications has been so fully reviewed lately* 
that there is little to add. The title Mississippianf is a revi- 
val, with a slight terminal modification, of a name originally 
suggested by Alexander Winchell.J 

As a definite geological term the name Des Moines was pro- 
posedg for the principal coal-bearing strata of Iowa and 
Missouri, embracing essentially what had been previously 
called the '* lower " and ** middle " Coal Measures. The name 
was given because the Des Moines river flowed, for a distance 
of more than 200 miles, directly through the area occupied by 
the beds of this age. Moreover, Owen || had early applied the 
term of Des Moines coal field to the region, though without 
modern geological significance. The formation was defined 
as extending in a broad belt from north-central Iowa south- 
ward into Missouri, following around the northern and wes- 
tern flanks of the Ozark uplift into Kansas and Indian Terri- 
tory. The designation was designed to apply to one of the 
main divisions of the Carboniferous, as is manifestly shown 
in dividing into two principal parts all the Coal Measures of 

♦Mipsouri Greol. Sur.. vol. iv, pp. 43 44, 1894. 
tWiiliams: Bull. U. S. Geol. Sur., no. 80, p. 135, 1891. 
jProc. Am. Philos. Soo., vol. xi, p. 77, 187l). 

§MoD. Rev. Iowa Weather Service, vol. iv, p. 3, 1893: anil Iowa Geol. 
Sur., vol. I, p. 85, 1893. 

iPtoc. American As. Ad. Sei., vol. v, pp. 47 50, 1851. 
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Iowa and MiMoiiri. Although minor subdivisiomf had been 
r«>cogni«ed it wa^ not thought nece«<»ary to npeeificallv j*tate 
the faet until the whole sequence had been made out and 
i>ppropriately defined. 

Am a iwriefl the De» Moines formatioa is perhaps not rm im- 
portant JW4 any one of the other three members of the (.'arbon- 
iferous Hy?»tem, yet a knowledge of its stratigraphy will alwuyff 
be much more complete for the reason of the great eeonomir 
value of it« mineral (contents and of the great extent to which 
thef»e are being (»ontinually sought. At the iHime time the 
}*eriefl is, as compared with the others, much more complicated 
•strati graphi#'aliy, its lithological characters change rapidly 
from place to place and from horizon to horizon, and its- 
faunas and rtoras are variable. In itself it is a very compact 
series, ?iharply f^et olf from the other members both geologically 
and geographically. Although wheu Des Moines was tirst 
proposed as a geological term the formation was not referred 
to a specific vertical section nor its exact upper limits defined 
it was clearly stated and repeated subsetjuently* that it was- 
sharply contrasted with the rocks of the next higher $tage in 
lithological, stratigraphicai and faunal characters, and chat 
the change took place where the limestones began to come in. 
ftoon aft^r.f however, the superior line was located definitely 
at the base of the first great limestone, the Winterset lime- 
stone of Iowa and the Bethany limestone of Missouri. The 
upper delimiting horizon of the series is therefore the bottom 
of the limestone, which forms the basal member of the over- 
lying series. 

The nominal history of the Missourian series is essentiiilly 
the same as that of the Des Moines. In using the name Mis- 
so!iri to designate* a geological formation it was in the sense 
of covering all that had been previously called the - upper'' 
C'oal Measures. The lower limit was placedj at the base of 
the Bethany limestone. In neither Iowa nor Missouri was the 
full sequence represented and consequently beyond consider- 
ing it co-extensive with the "upper Coal Measures" little 

*[owH rier.l. Sur., vol. II, p. Ill), 1S94. 
tMiflsrjtih rWjJ. Sur.. vol. iv. p. 82, 1894. 

JMon. Rev. Iowa Weather S^rvi<,*t-. vol. iv. p. 3, 1893 : aud Iowa Geol. 
8or.. vol. I. p. 85, 1803. 

§Miftsr>uri Geol. Sur., vol. iv. p. 82. 1894. 
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was eaid regarding the exact superior limit. Subsequent in- 
quiry showed that a definite line of delimitation was yet to be 
decided upon; but this was soon proposed by Prosser* who 
placed it just above the Cottonwood limestone of central 
Kansas. This author, however, appears to have misinterpre- 
ted the scope of the proposed Missouri formation for he makes 
it a subdivision of the " upper Coal Measures " and of equal 
rank with two other formations which he names the Wabaun- 
see and Cottonwood (limestone), whereas both of the latter are 
minor divisions of the upper part of the former. 

The name Missouri an was adopted for the reason that the 
formation is typically developed in the northwestern part of 
the state of Missouri, and the great Missouri river also winds 
its way for a distance of more than 400 miles through the 
beds of this age. The series is made up of strictly marine 
beds. It is terminated above and below by limestones. The 
basal member, the Bethany limestone, separates it sharply 
from the shore deposits of the Des Moines series which lie 
beneath it. The top of the Cottonwood limestone forms a 
superior limit that is at once distinctive and easily recogniz- 
able in all geological characters. 

In suggesting the name Oklahoman as a serial geological 
term it is intended to apply to all those rocks of Carboniferous 
age which occur north of the Canadian river in Oklahoma 
and which lie between the interval of tlwj top of the Missour- 
ian series and the base of the Cretaceous. It may be regar- 
ded as essentially covering the same succession of strata that 
has long been vaguely known under the title of ''Permian." 
The name is derived from the territory in which the formation 
has its best development and in which the most complete 
sequence is represented. The best sections across the belt 
appear to be exhibited along the Cimarron, Arkansas and 
Kansas rivers, and these sections may be considered typical. 
The beds composing the formation constitute the highest ser- 
ies of the Carboniferous in the Interior basin. Although there 
has .been little detailed study in the region regarding the rela- 
tions of the series under consideration and the Cretaceous 
above, it is well kno*wn that the latter rests in marked uncon- 
formity upon all four series of the Carboniferous and at the 
north extends over still older formations. 
♦Journal of Geology, vol. in, p. 800, 1895. 
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Xofes on Cambrian Faunas. — Jfaffftetr, 29 

It is otherwise with the occipital spine, for in all the spe- 
cies of the Olenellus zone this is only an obtuse protuberance 
including the last lobe of the glabella and the occipital ring, 
most pronounced in Jf. hefena ; but in the Eodiscus section, in 
the Paradoxides zone, the lenjjth of this spine bears a direct 
relation to the special sub-zone in which the species is found. 
Thus precursor and saeclcus are found in the Eteminicus 
(=rugulosus) sub-zone, pnlcheflus in the Abenacus (=Tes8- 
ni) sub-zone, punctatas and encentrus in the Davidis sub-zone. 

All the long spined species may be said to belong to the 
Paradoxides fauna, but the species with blunt o.cipital rings 
to the Olenellus fauna: and of the species of the Paradoxides 
beds, those which bore the longest spines appeared latest. 

The following scheme will show how the species of Micro- 
discus are related to each other: 

Genus Microdiscus. 
Section, lobatus. Long glabella, occipital ring obtusely pointed. 4-6 
rings in the pygidium. 

rM«««n„o «^«^ S ^' lobafuH Hall, M. meeki Ford. 
Olenellus zone ^ ^ ^^^,.^.^^. ^^,^^ ^^ ^^^,^^ ^^,^ 

Section, speciosus. Long glabella, occipital ring obtusely pointed. 10- 

12 rings in the pygidium. 

Olenellus zone, M. sjjeciosiis Ford, M. l>eUicincfus S. & F. 

Section, Dawsonia. Short p^labella, occipital ring spined. 6 rings, and 

lateral costa in the pygidium. 

Paradoxides zone, JV. dawnoni Hartt, M, acnljitus Hicks.* 

S3ction, Eodiscus. Short glabella, occipital ring pointed or spined. 

a, — 6-12 rings in the pygidium. 

Olenellus zone, M. schucherii n. sp., occipital ring pointed. 

i* M. connexits Wale, ** ** spined. 

^,— Pygidium unknown. 

Paradoxides zone ( M. precursor Matt., occipital ring, 

(P. eteminicus, sub-zone.) ) with short spine. 

Pygidium with 10-12 or more rings, long occipital spine. t 

(P. eteminicus, sub-zone.) ( M. suecicus Linrs., M. pulchellus 
(P. abenacus, sub-zone.) ) Hartt. 

(P. davidis, sub-zone.) M. puiiotatus Salt., M. eucentms Linrs. 
Note on the two species of the Olenellus zone. 

Through the kindness of Mr. Chas. Schuchert I received 
several years ago a number of fossils obtained from the Ole- 

♦Dr. Hicks does not figure or mention an occipital spine as existing in 
this species. On account of the associated fauna and the resemblance 
to M, dawsonij I assume that it had one. 

tLinnarsson^s figure of M. suecicus does not represent this spine, but 
his description implies that this si)ecie8 possessed a spine. 
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ing in front of the glabella. Posterior marginal fold wide at the outer 
end, shield narrower here than opposite the cheeks. 

Thorax not known, but the relief of the approximate margins of the 
two shields indicates a prominent rachis and strongly geniculateil 
pleura, with furrows directed forward. 

Pygidium longer in proportion than the heiid-shield and more decid- 
edly arched. Rachis nearly three quarters of the length of the shield: 
it has about six joints, the anterior four prominent and each crowned 
with a tubercle. Side lobes sloping down to a flattened mapginal fold, 
which is strongly geniculated at the front, with an almost vertical outer 
slope. 

Scutpture. Surface of both shields minutely granulate. 

Size, Length of pygidium 3 mm.; width 4 mm.: the head shield is 
somewhat shorter. 

Horizon and locality. Limestone of the Olenellus zone at Troy, N. 
York. Collected V)y Mr. Chas. Schuchert. 

A comparipon of the young or larval forms of M, pnlchelhts 
or 3f, puiictatus with the adult of this species is quite instruc- 
tive and shows how this type has changed from the time of 
its appearance in the Olenellus zone until its extinction in the 
P. davidis sub-zone. Especially do we see how the anterior 
axial furrow originated on a flattened margin, first with a 
small pit in front of the glabella, as in M. schncherti, then 
passing to a furrow as deep as the dorsal or the marginal fur- 
rows, and then in the tumid species, when the whole shield be- 
comes strongly arched, this a^ial furrow becomes much 
shallower and tends to disappear. 

('Omparing with Agnostus, the pit in M. sr/iucherfi in front 
of the glabella is parallel to the sharply indented furrow of A . 
^fi.ssiis, and while in the thick-shelled sections Limbati, Parvi- 
frontes and La?vigati, of Agnostus this furrow is efl'aced, in 
the thin-shelled Longif routes, or at least the majority of them, 
this furrow being necessary to stiffen the front of the shield, 
is retained. 



ON THE OCCURRENCE OF SILURIAN STRATA IN 

THE BIG HORN MOUNTAINS. WYOMING. AND 

IN THE BLACK HILLS, SOUTH DAKOTA. 

By C. E. Reecheb. New Haveo, Conn. 

At the request of W. H. Weed of the United States Geologi- 
cal Survey, the writer herewith makes a brief statement re- 
garding two western localities of Silurian, one of which, so 
far as known, has not been hitherto noticed. Their chief 



^2 The Amerifffft ^ieff4*f*/tMi, lulv, l^^sk 

jj^tf^fK^r lip« in th*» fnrt xh»t few idpfitilicatiAns »»t* <imiiAr 
horizon- hHve Thn« far l»e<-n mad*^ in rhe Rockv nmiintain 
rerrion. I'nfArtnnar^ly nifwr of th#^^ arp rnon* or lej**^ uneer- 
tH!n hf^r-aime bH«><1 upon -p«^e>*^ havinir a consicierabie i^eo- 
\ort\4'H\ r.inifp. and, th#^ri»forp. not detenninative. Apparenti^r 
nothinc? *hort of h thoron^rh ^tiidy of the«ie western faunM, 
fo<?pth^r with an abiindanr^e r»f material. \rili permit of exact 
r.orr^*lation« with erpolosicai standards eiii^where. 

Thi* ^vft'a -hown <'onehiiJively by Walcott in rhe « anyon 
r ifv ^e^^rion. ( olorado. where rhe foH»tl faunas from rhe Har- 
cHr>sr ^and*»tone and Fremont limestone have a cU satinet Trenton 
f «/•!«>«. Hlthoiiffb there i- a derided ef>mmin^iincof what wnnlti 
Up r.on«idered in NVw York >rate as rypieai Xiasrara species.* 
Therefore the di^eovery of Iinh,»4i^yt in rhe Wasatch ran^e, 
by Hayden: in the Wind River mountains, by < omstock: in 
X^'vada. by ^raffue: and in the Teton ranue by Bradley, dues 
not neee«»f»arily imply the presence of Xia^ara strata at the*»e 
b»eaHtip«. A knowledge of the complete faunas may show 
rhat -om<* are Ffnd!*on and *»tlifers Trenton, while -till other* 
may y^f" retilly Matrara. as they appear at lirst >!ebt. 

The fo«>«iU from the rir«t locality to be noriceil were «-olIec- 
ted by (apt. U. K. Bushnell. U. S. A., and presented ro the 
Yale \fii«enm. The -peeimens were obtained from near Buf- 
falo. Wyoming, on the eastern Hanks *d" the Biir Horn moun- 
tain-, and oeeur in a hard yellow, -iiieeous dolomite, in which 
the or^ani'' remains are rorapleteiy -ilieitied. < orals are rhe 
ino«t ronspimous and abundant forms. flfHoiife.^ i,tferstiitrht,s 
\,. iind f/tihfstf*'x ,'fite,tiihitnH L. bein^ '^specially numerous. 
With them are also Fnr*tsit*>)t and ••yathophyiloid «M»rais of 



/^ffphr'-H^*'* and Antfil*'j'>fii types. The only braehiopods are a 
frairni^nt of a /f/n/Hrh**fre)nfi related to IL ntrrfht.^ctHn. and a 
win»de -^niall sv^v*/////fm-like -ihell, which may l>e the _voun^ of 

1 .^. H,-fh,\ 
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^on must remain indeterminate between the limits of the Tren- 
ton and Niagara. 

The other locality to be mentioned is a few miles southeast 
of Deadwood, South Dakota, and was visited by the writer in 
1889. Here a heavy bedded, yellow limestone occurs above 
the Cambrian and at some distance below the Carboniferous 
limestone. Fossils are not abundant, the only forms observed 
being a large annulated orthoceratite and a large gastropod. 
Specimens of these were sent to Walcott by F. R. Carpenter 
in 1891, and determined to be Kndoceras annvlatum and 
Maclurea logant\ and therefore indicative of Trenton age.* 
Examples of II altf sites from this region led the writer to infer 
the presence of Niagara, and it was so recorded in the fourth 
edition of Dana's *' Manual of Geology," but, as in the pre- 
vious instance, recent investigations have shown the unreli- 
ability of several species generally considered as characteris- 
tic of the American Niagara, notwithstanding that in Europe 
the same forms are well known to have a wide vertical range. 



THE AMOUNT OF WATER IN THE EARTH'S 

CRUST. 

W. B. Greenlee, Ithaca, N. Y. 

In order to ascertain the amount of mechanically contained 
water in the earth's crust I recently made the following com- 
putation : 

I considered it safe to assume that the crust of the earth is 
filled with water and that the maximum porosity of rocks 
which can be obtained in the laboratory, though not the 
greatest possible porosity, is less than that of the crust of the 
earth for a distance of one mile from the surface. 

One mile is taken as an approximate thickness since that 
seems to be a fair average of the thickess of sedimentary 
rocks over the surface of the earth. 

Assuming then that the earth is saturated with water to 
the depth of one mile, we have next to determine the relative 
amounts of its constituent rocks and their respective porosi- 
ties. 

The surface of the earth may be divided into two divisions. 

first, that covered with sedimentary rocks, and second, that 



*Lo<\ cit,, p. 163. 
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Thoulet estimates the volume of the oceans at 1.347,874,850 
cu. kil., which reduced to English measure equals 818,191,728 
cu. miles. 

The estimated amount of mechanically contained water in 
a section of a mile over that part of the earth's crust covered 
by land is thus 2,7^c of the water now on the earth's surface, 
or a layer 88 feet deep over its entire surface. 

There is undoubtedly a large amount of water below one 
mile, but we can only conjecture as to the amount, nor does 
this estimate include that chemically contained. No estimate 
was made of the amount of water beneath the bed of the 
ocean, as we have no way of knowing of what it is composed 
or how thick the permeable layer is. This too would increase 
the total. 



EDITORIAL COMMENT. 



The present condition of the Geological Society rightly 
gives its friends a gratified confidence in its long life and 
'wide usefulness. It came none too soon and, under the guid- 
ance of judicious officials, it has suffered neither the ills of 
prematurity nor the sequelae of o'er rapid growth. No rival- 
ries or schisms divide its ranks, and its membership is work- 
ing compactly and in perfect harmony toward the objects of 
the association. Our attention, however, is often forcibly 
directed to the fact the Society's results, as shown in its pub- 
lications, are almost exclusively geological. This is as it 
should be, for such an end the organization exists. Here and 
there among the bulletins of the Society will be found paleon- 
tologic papers of character, but these are extremely few and 
upon looking over the membership list we must infer that 
they have had therein but few readers. How many of the 
members have read, for illustration, the papers of Jackson 
and Jaggar on the morphology of certain echinoderms? and 
with what propriety anyway, one may ask, do such papers, 
however excellent, appear in the publications of a geological 
society? They contain nothing geologic except that the sub- 
jects are fossils; their method is not germane to the geologic 
mode and their conclusions aJtogether beyond the scope of 
the geologist. On the other hand, how many of the handful 
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into which he can not inject his staining fluids and which is 
insubordinate to his knife, the latter is justified in feeling 
that his colleague should not attempt to unfold the whole plan 
of nature from the few remnants of life left upon the earth. 
With the geologists this man is the lender. In questions of 
stratigraphy among sedimentary rocks he is the court of last 
resort. The "stratigraphic geologist" exists upon official lists, 
but unless he is trained to the niceties of his vocation his 
conclusions are lame until the paleontologist supplies him 
with arguments. If the working paleontologists seeking or- 
ganization for mutual helpfulness and the progress of their 
interests will hardly acquire these ends by consociation with 
the zoologists, they are at least more at ease among the geol- 
ogists; yet the growing importance of their themes, the 
singular nature of their subjects and their unique methods 
indicate that they will never get what they most need from 
organization nor establish their character as a peculiar people 
until they get by themselves. Perhaps the active body of 
American paleontologists will see the usefulness and practi- 
cality of effecting such an organization and demonstrate that 
while they may be neither geological fish, nor zoological flesh 
they are, nevertheless, good red herring. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Uebei* (lie Beziehvngen der fossilen Tabnlaten zu den Alcyonarien. 
By F. W. Sardeson. (Neues Jahrbuch ffir Min., Geo!, und Pal. Bell. 
Bd. X, pp. 249 362; Stuttgart. 1896.) 

By those who are interested in Palaeozoic corals any serious attcMiipt 
to advance or increase our knowledge of that large and difficult group 
must be greeted with pleasure. However, a recent and somewhat ex- 
tended treatise on "The Relation of the Fossil Tabulates to the Alcvo- 
naria" seems to be a step in the wrong direction. I refer to the pai)er 
cited above, which was prepared as a thesis for the doctorial degree in 
the Albert Ludwig University of Freiberg. 

The author, with questionable result, has brought forward and elaV)- 
orated certain propositions of Mosely (Phil. Trans. Roy. Soc, vol, KM), 
pt. 1, p. 91, 1876; Challenger Rep. Zoology, vol. ii, p. 102 et seq., 1881) 
relative to the relationship of Palaeozoic and recent corals. It was on 
occasion of his discovery that Heliopora belonged to the Alcyonaria, 
and in view of the long recognized relationship between that genus and 
the fossil Heliolites, that Moeely opened this question. 
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As 18 well knowD, colonies of Heliopora are dimorphic, consisting of 
siphoDopores and autopores, the former produced from one another by 
intermural gemmation, the buds springing from the canals by which 
they are united. The latter are produced by the fusion of a group of 
siphonopores through the peculiar process known as "coenenchymal 
gemmation.** The autopores are tabulated at long distances and pro- 
vidt^ with pseudosepta; the siphonopores are aseptate and more closeljr 
tabulate. The pseudosepta range in number in mature cells from 11-16, 
in the 8<ime cells at different stages of growth from 2-16. The skeletal 
substance is composed of radially disposed, parallel, prismatic rods, 
which are generally placed each at the junction of four siphonopores 
and are, therefore, essentially quadrilateral. They are firmly united 
along their opposed sides by dental sutures, and they are excavated 
along their angles by the siphonopores (Nicholson, Man. Pal. vol. 1, pp. 
.*)32, 33^^). These spicules in cross section show a simple or compound 
central axis and a radial structure. They are of about the same diam- 
eter as the siphonopores, perhaps a little larger. 

In Heliolites also the ci>lony is dimorphic. The autopores are provided 
with septa, the number of which is almost invariably twelve in each 
Ci>rallite. Usually they are lamellar and often **extend to a considerable 
distance into the interior of the visceral chamber, sometimes meeting ta 
form a reticulateil columella*//. /iWnVtn. or even showing alternately 
large and small septa.** (Nicholson, p. ,'^57. ) They are. therefore, true 
septa, and the symmetry of the polyp must have been hexameral, not 
octameral as in the Alcyouaria. The skeleton is not spicular and the 
walls are thin (in strong contrast to thi>se of Heliopora in every way),, 
but thi>se of the autopores are 8tn)nger than those between siphono- 
pores. The siphonopi>res repn.Kluce usually by fission, seldom by inter- 
mural gemmation. The autopi>rt»8. acct>n.Hng to Sardeson. increase by 
ctx*nenchymal gemmation, very much Jis in Heliopora, i. e. the several 
siphonopores bt*ct.>me contluent, the incipient autopore gradually in- 
creases in size, at the siime time assuming thicker bounding walls and 
developing the regular numln'r and arrangi^ment of the septa. On the 
other hand. Nichi»lst^n descriln^s the prvjoess as fundamentally diflferent. 
The futurt* autojH)rt» is first t)utlineil by a thickening of the bounding 
wall, the included siph<.mojK>res still retaining their own proper walls. 
Then they are "seen to 1h» suddenly arresteil in their growth and com- 
monly to Ih» cut i»ff by a common tabula, their place vertically being 
taken by a single auti>|K>n'** (Nicholi«i>n, p. 'XVi\. Nicholson *s reputation 
as an accurate i>bst^rver rt^iuires that Mr. Siinle8i.^n*s observation should 
W verititnl. 

In fact it apjH^ars thai Heliv>lites n**Mubles Heliopora principally in 
but t\\v> ^M»inls; in U'lii;: iliiuorphic, ami in having ctienenchymal gem- 
mation. On the other haml, it ditTers frvmi Heliopora entirely in the 
skeU'tal structure of the corallum, in Inking pr\>vidiH.l with true septa, in 
havinv; hexameral iusteail of ^vlameral svmmetry. Dimorphism itself 
is a diagni>stic feature of no ^reat imiH>rtan(.v : it is found in the fistuU- 
IK»rids«. in many Hr\i»Zi^ «ralaH»ioict. even in h\ivt.isites{t) canaiiensin , 
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The developmeDt of siphonopores in the two genera is essentially dif- 
ferent, perhaps that of the autopores, though still passing under the 
name of coenenchvmal gemmation. The latter is beyond doubt a singular 
and striking phenomenon (yet it occurs in the monticuliporids) and 
should perhaps serve as a preliminary index of more intimate relation. 
But when this indication is belied by a total absence of structural agree- 
ment, in face of a time break from the Devonian to the Cretaceous 
without any intermediate forms, are we justified in regarding **coenen- 
chymal gemmation " as a criterion of more than class relationship? 
Certainly Nicholson was corrected in placing Heliopora and Heliolites 
in diflPerent families. Perhaps he would have done better by removing 
the latter from the Alcyonaria altogether. 

Dimorphism and coenenchymal gemmation are usually regarded as 
indicating Alcyonarian character. Of the tabulates which Mr. Sardeson 
ranks with the Alcyonaria, the majority, perhaps, possess only one of 
these peculiarities, and many possess neither. To explain the absence 
of dimorphism Mr. Sardeson considers that in the perforat«-tabulate 
group, the mural pores stand as the homologs of the siphonopores in 
Heliolites et. al. That they could not be regardex] as the homologs of 
autopores is evident since in that case we would have a colony without 
feeding or reprcxluctive zoOids. He regards the monomorphic form as 
probably the original type in these genera, but believes that this is not 
found in Favosites and its allies which he considers to have lost their 
dimorphism instead of not yet attained it. In other words Favosites is 
a Heliolites colony in which the siphonopores have gradually decreased 
in number until no trace of them is left except in the mural pores with 
which they are homologous. 

If this theory is correct we would expect to find this change indicated 
in some way in the embryologic condition of the corallum. Now it so 
happens that Favosites is one of the few genera with whose develop- 
ment we are somewhat familiar, and nothing of the sort is found to 
occur. Furthermore it is evident that we would have the autopores 
antedating and giving rise to the siphonopores (since Mr. Sanleson 
must admit that the connecting pores in the walls of Favosites are of 
the same nature as those which from time to time become the starting 
point for new cells), the reverse of what is found in Heliopora and 
Heliolites, and the siphonopores not producing other siphonopores 
whether by intermural gemmation as in Heliopora, or by fission as in 
Heliolites, nor developing autopores by coenenchymal gemmation. We 
would in fact have to regard each siphrmopore as developing directly 
into an autopore (when it did not subsist as simply a mural opening) all 
distinction between autopore and siphcmopore being lost, and all the 
individuality of coenenchymal gemmation existing in its name alone. 

The paper closes with a theoretical discussion of the form of the 
corallum in colonies. Mr. Sardeson considers that the shape is con- 
ditioned by the direction from which the food supply is derived. If the 
food supply comes from above, vertically, the central individuals of the 
hemispherical mass grow fastest because better nourished, and the 
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discussed by Professor Haworth, JohD BenDett, M. Z. Kirk, John G. 
Hall, and E. B. Knerr. Near Strong City occur the most pronounced 
anticiinals and synclinals in all the Coal Measure area, with an angle 
of 200 feet to the mile with the horizontal. 

Haworth devotes chapter IX to a summary of the stratigraphy and 
correlation of the formations. Two general laws hold for the various 
formations. They dip and thicken to the west, and the limestones are 
the most regular and persistent of the various rocks. The total thick- 
ness of the rocks is 3,545 feet, 800 feet of lower Coal Measures. 1,950 feet 
of upper Coal Measures, 7&5 feet of Permian strata. The basal forma- 
tion is the Mississippian, rich in deposits of lead and zinc. Next comes 
the Cherokee shales covering a wide area as shown by well drillings 
and by comparison with similar formations in Iowa, Missouri, Arkansas, 
and Texap. Above comes the Oswego and Pawnee limestones followed 
by the Pleasanton shales, 250 feet thick, throwing out to the north. 
Above these shales is the Erie limestone rich in fossils with a maximum 
thickness of 100 feet and covered with 200 feet of Thayer shales. The 
other strata in order are lola limestone. Carlyle limestone, Lawrence 
shales. Oread limestone, Osage City shales, Wabaunser formation of 
Prosser, Cottonwood Falls limestone ranging 5 to 10 feet thick and a 
ver>' important building stcme. 

On account of the frequency of calcareous material with marine fos- 
sils, and the great amount of salt water in the shales, Haworth regards 
them as of submarine origin. The low anticlines and synclioes with 
northwest trend are thought to be due mainly to inequalities in the old 
ocean floor. There are no faults of large extent noted and no evidence of 
raetamorphism was seen. In the entire Coal Measure sjstem the ratio 
of limestone to total thickness of the rocks is 1:5, and the largest amount 
is near the middle of the Coal Measures. The total thickness is not 
less than 2,600 feet; and the rocks cover on area of 20,000 square miles. 

The Kansas Coal Measures are divided into lower and upper on 
paleontological evidence. The division line is placed at the top of the 
Pleasanton shales where there is a marked change in life and also a 
sharp physical change from shales to limestone. The Cottonwood Falls 
limestone is taken as the base of the Permian as determined by Prosser. 

Chapter X discusses Physiography. The streams flow in broatJ val- 
leys reaching flve miles in width and have nearly all reached base level, 
and are now fllling in the lower part of their courses. There are very 
few broad rolling areas in the Carboniferous area of the state, for the 
uplands show sharp escarpments, due to the limestone outcn^p. In the 
Permian areas these escarpments are absent. The next four chapters 
are devoted to preliminary papers on the coal fields, oil and gas, sur- 
face gravels. Coal Measure soils, with methods of fertilization. 

Twenty counties of the state produce coal of economic importance 
and four others contain considerable amount of coal. More than 88 
per cent, of the coal mined in the state in 1894 came from the Cherokee 
shale horizon, the thickest vein averaging 40 inches. From a study of 
the chemical iand physical properties of the coals it is found that they 
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compare favorably with other coals of the Misflipsippi valley and Ohio. 
The hijDrher the geological poaition of the coala in thin state the pcKirer 
is the grade. The future of the Kansas coal industry is very promising, 
for the drill has revealerl valuable deposits below the surface. An his- 
torical account of the development of oil and gas is given. The area of 
the present territory- is 8,."500 fl«]uare miles, located in the southeastern 
portion of the state. The source is in the Coal Measures and the most 
productive sands are in the Cherokee shales. The origin is thought t<> 
be vegetable and there seems to be little if any relation between location 
of anticlines with accumulation of oil and gas. These products are 
more uniformly disseminated in Kansas than in any other territory yet 
developed in America. 

The surface gravels of the Carboniferous series are Hint, often foseil- 
iferous. They have a wide distribution and occur in beds of consider- 
able thickness. These gravels have in all probability originated ftrom 
weathering of the limstones, which contain chert in very considerable 
amount. They have not been transportwi any great distance and so 
were not connected *vith glacial floods. 

The final chapter is by John Bennett, giving a preliminary catalogue 
of the invertebrate paleontology of Kansas CarboniferouH. arranged 
with reference to biologic aspect and also according to counties. 263 
species are enumerated. The richei*t stratum is the (xjlitic of Wyan- 
dotte county with over 100 species. 

By the publication of reports of the high character of the present one 
Kansas joins the front rank occupied by the various state surveys of the 
Mississippi valley. This report may be obtained from the survey office 
at Lawrence by sending 22 cents for postage. o. p. g. 

Icp-work, Present and Past. By T. G. Bor^NEY. Professor of Geology 
at University College. London. Pages xiv, 295, with numerous maps, 
sections, and illustrations from photographs. (New York, D. Appleton 
<fe Co., 1896. Vol. Lxxiv of the International Scientific Series.) The 
author began his observations of glaciers and study of drift formations 
ff>rty years ago, and he now reviews the extent of present knowledge of 
the action of alpine glaciers and of the ice-sheets of Alaska, Greenland, 
and the Antarctic continent, with application of the principles there 
discovered to decide up)on the claims of opposing theories in explanation 
of the origin of the European and North American Pleistocene glacial 
drift. Like the Canadian geologists. Sir William and Dr. George M. 
Dawson, this English geologist, and, as he assures us, many others in 
England and Ireland, fail to accept the conclusions of Prof. James 
Geikie and other Scottish glacialists, and of nearly all who have studitnl 
the glacial drift in the United States, that throughout all the drift- 
V)earing areas (tf Vjoth continents vast sheets of laud ice and the fresh 
waters frrnri its melting, without imptirtant aid from any marine sub- 
mergence^ and floating ice, sufficed to prtxluce all the varied drift de- 
posits. In the British Isles, as in the valley of the St. Lawrence, the 
local asj>t»ct8 of the drift, and in the latter district the well recogniz?d 
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Champiain depression of the land and incursion of the sea, from which 
the country has been since uplifted to a maximum hight exceeding 500 
feet, make it difficult to accept the theory which attributes all the drift 
to land ice. The arguments on both sides are well stated by Prof. Bon- 
ney, who evidently inclines toward a compound explanation, nearly like 
that of Sir William Dawson. The deposits of stratified or modified drift, 
enclosing marine shells, mostly fragmentary, on Moel Tryfaen, and at 
Macclesfield, Gloppa, and other localities, extending in northern Wales 
and northwestern England up 1,100 to 1,400 feet above the sea level, 
and about 500 feet at Clava in Scotland (Am. Geologist, vol. xvii, pp. 
45-47, Jan., 1896), are regarded as strong evidence of a Late Glacial or 
Champlain marine submergence to these amounts. Similarly, the 
Parallel Roads of Glen Roy are thought to be best explained as marine 
shore lines, although Jamieson, in the latest important paper on that 
subject, shows how they may be referred to successive stages of a glacial 
lake held by the waning Scottish ice-sheet, — a much better explanation 
than was formerly found in fluctuations of local valley glaciers. 

The title of this book well indicates its chief purpose, which is a com- 
parison of present and now observable ice action in eroding, transport- 
ing, and depositing drift, with the past agencies of striation of the 
bed-rocks, and accumulation of drumlins, other deposits of till or 
boulder-clay, marginal moraines, kames, eskers, and all the forms of the 
glacial and modified drift, together with discussion of its previous sub- 
glacial and englacial transportation. A large share of attention is 
given to the drift formations of North America, and these are illustrated 
by maps and views. The causes of the Ice age are discussed, but with- 
out expressing confidence in any of the current theories ; nor is a de- 
cision rendered on the vexed question whether there were successive 
and independent epochs of glaciation during the Pleistocene period. 
From all the earlier geologic record Prof. Bonney finds evidence of only 
one other time of widely extended glaciation, this being late in the 
Carboniferous or early in the Permian period. The IMeistocene glaci- 
ation he would refer to a moderate refrigeration of the drift-bearing 
areas, not necessarily exceeding 12^ to 20®, and perhaps even no more 
than 8® or 6® in New Zealand. 

In general, for North America and Europe, the best explanation of 
the glacial conditions is apparently thought by Prof. Bonney to be the 
accumulation of large ice-sheets on much elevated central areas whence 
they are supposed to have flowed outward to terminate on lowlands. 
The present reviewer, however, would suggest that the preglacial eleva- 
tion inducing the snowfall and ice accumulation probably included, in 
variable but everywhere large amount of epeirogenic uplift, all the 
drift-bearing regions of both continents, the elevation of their peripheral 
portions being measured approximately by the depth of fjords and the 
continuation of river valleys, as of the Hudson river southeast of New 
York city, which descends 2,800 feet beneath the sea level. 

Another volume, to cover similar ground as this, is earnestly hoped 
for by working glacialists, in which Prof. Chamberlin may bring to- 
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Chalmers, seem yet to be wholly consistent with Hitchcock's observa- 
tions of southeastward glaciation and drift transi>ortation across Maine 
and the White mountains, doubtless part of a continuous southeast 
outflow from the Laurentide highlands, belonging to the time of maxi- 
mum glaciation and indeed probably to the greater part of the Ice age. 
Furthermore, Chalmers* conclusions for New Brunswick and Nova 
Scotia are likewise consistent with the reviewer's opinion that a great 
glacial lake (named the lake St. Lawrence) was formed during the clos- 
ing stage of the Glacial period by the northeastward recession of the 
ice-sheet, extending in the St. Lawrence basin from Ottawa to Quebec 
or beyond, previous to the invasion of that area by the sea when the 
ice barrier was at last melted through. 

During the culmination of the Glacial period, the highest part of the 
ice-sheet, above the St. Lawrence basin, was probably on the north side 
of the Adirondack mountains ; but when the final melting was far 
advanced, the summit of the ice on the belt whence it outflowed both 
westward and eastward in the St. Lawrence valley appears to have 
migrated until its latest blockade was near Quebec, which is more than 
100 miles west of New Brunswick, being on the same meridian as the 
boundary between Maine and New Hampshire. A large tract of the 
ice-sheet on northern New England and jmrt of New Brunswick prob- 
ably remained unmelted until after the ice had vanished along all this 
valley, so that subsequent glacial outflow from the Green and White 
mountains doubtless radiated for a short time in all directions, the ice 
motion being reversed on the north from its early and chief southerly 
course during the main part of the Glacial period. The southwestward 
striation and transportation of drift in the St. Lawrence valley west- 
ward from Quebec belonged thus to a much later time than the south- 
eastward movement over the mountains of New England ; but both 
preceded the scanty northward dispersal of boulders in the country 
south of the St. Lawrence river. w. u. 

Las Rocas Eruptives de Surveste de la Cuenca de Mexico. By 
EzEQUiEL Ordonez. (Bulletin of the Geological Institute of Mexico, 
no. 2, 46 pp., 1895.) This work is composed of two parts, in the first 
of which the author reviews in a general way the more salient geo- 
graphical features of the valley of Mexico and gives a brief description 
of its geology, showing the genetic relations of the eruptive rocks. The 
distribution of each di£ferent class of rocks is touched upon, all of them 
belonging to the modern volcanic series ; the first which have made 
their appearance are the trachites, followed by the andesites, labrador- 
ites, and last of all the basalts. The author also gives a succinct 
account of the basaltic volcanoes in the south region of the valley, 
which volcanoes have in past time sent forth large quantities of lava and 
cinders. One of these volcanoes, called Xitli, has produced a bed of 
lava about 12 kilometers in length and six in breadth ; judging from 
the human remains and articles of industry found therein, the eruption 
must have taken place quite recently, although modern history makes 
no mention of it. 
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This incorporation and absorption of basic material by an acid ma^nm 
is not common and is of special interest. The present instance proves 
conclusively that such a phenomenon does occur. The importance of 
this phenomenon was mentioneti by the author and was further brouj^ht 
out in the discussion which followed the reading of the paper, u. s. g. 

The Rubies of Burma and Associated Minerals. By J. W. Judd. In 
the Philosophical Transactions Prof. Judd, with C. B. Brown, Esq., 
^ives a detailed account of some minerals collected by the latter when 
carrying out, under orders from the Secretar>' o' State for India, an in- 
vestigation into the long known ruby mines of Burma. Details are 
given, with maps, of the physical geography and geology of the region 
and the rude processes employed by the natives in mining the gems. 
They are for the most part washed out of alluvial material filling hollow 
basins and clefts in a limestone rock, but their original situation, as 
proved by Mr. Brown, is in the rock itself. This is a hard, crystalline 
limestone interbedded with gneips, and by breaking some of it to frag- 
ments Mr. Brown obtained in ten days 14 rubies from one and a half 
cubic feet. These were of course injured much by the jarring necessary 
to break up the stone, but they showed that by better methods the 
l^ems could be obtained in larger quantity. 

Prof. Judd says: *'The limestone which the rock in Burma most 
closely resembles is undoubtedly that of Orange Co., N. York and Sus- 
sex Co., N. Jersey, which is associated with the remarkable deposits of 
zinc ore at Franklin Furnace." '*The general conclusion to which we 
have been led concerning the origin of the rubies of Burma is as fol- 
lows: Pyroxene gneisses abound with an unstable basic feldspar, which 
is easily converted by minute quantities of hydrochloric acid under 
pressure into a scapolite, this in turn breaking up into various hydra- 
ted aluminum silicates and calcite." While the limestones are being 
formed from basic feldspars the aluminum silicates, taking up water, 
may be attacked by sulphuric, hydrochloric, boric or hydrofl.uoric acid 
at moderate temperature and decomposed, the aluminum oxide, in some 
cases anhydrous, being formed, which may assume the crystalline form. 
The presence of carbonic acid in the liquid state in some of the cavities 
indicates formation under great pressure. e. w. c. 

Sohre la edad de Algunas foiinaciones Carhoniferas de la Republica 

Artjentina. By Guil. Bodenbender. (Revista del Museo de la Plata, 

vol. vii, 1-20, 1895.) Accompanying an exposition of the Carboniferous 

formation in the Argentine is an important tabulation of the Paleozoic 

series of that country with its fossils. Above unfossiliferous beds of the 

Sierra de los Llanos and the Sierra de Cordoba, referred to the lower 

Cambrian are sandstones of the Olenus zone in the provinces of Jujuy 

and Salta, containing Aynostus, Olenus, Arionellus, fh'this, Liugula, 

and Olwlus. To the Trenton horizon are referred the limestones and 

dolomites of the Antecordilleras of San Juan and the Sierra de Farna- 

tina, with Monticulipora, TJtuites, Mu rch isonia, Maclurea, Orthis calli- 

grammaj Orthisina adscendens, Leptaena sericea, etc. The Silurian 
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sandstoDes of Ban Juan have produced no fossils. The horizon of the 
Upper Helderberg and Hamilton groups in the same region is indicated 
by the ubiquitous Leptocoelia flabellites and species of the genera 
Rhynchonella. Meristella, Spirifer, Strophomena, Chonetes, etc. (These 
fossils have not as yet been studied with precision so that their exact 
value is still undetermined.) Upper Devonian sandstones with plant 
remains overlie these. The Carboniferous sandstones and conglomer- 
ates with productive coal beds and numerous plant remains occur in 
the same districts. Overlying are beds, also coal-bearing, with Wal- 
chia, Noeggerathiopsis, and other plants representing the Permian. 

J. M. c. 

A Mineralogical Lexicon of Franklin^ Hampshire, and Hampden 
counties, Massachusetts, By B. K. Emerson. (Bull. No. 126, U. S. 
Geol. Sur., pp. 180, pi. 1, 1895.) Nothing quite so elaborate and com- 
prehensive has heretofore appeared in the United States in the form of 
a mineralogical catalogue pertaining to a relatively small area. The region 
is a historic collecting ground ; Profs. Amos Eaton, Chester Dewey and 
Ebenezer Emmons early entered it. The more precise investigations 
of president Hitchcock have given it geological importance, while Prof. 
C. U. Shepard's keen-eyed search for its minerals during more than a 
half-century has made its localities known to all mineralogists. Prof. 
Emerson states that his catalogue was intended to accompany his geo- 
logical monograph of the same district, but is allowed to appear in 
separate form on account of its large size. The general plan of the 
catalogue is an alphabetical arrangement of recognized and well estab- 
lished mineral species, under each caption being references to all names 
under which the species has been cited from localities within the dis- 
trict. Mineralogists will appreciate the complete literature of these 
species not less than the determination of the exact values of many 
mineral names applied, especially by Shepard, to forms from this 
region. j. m. c. 

Traces of the Ordovician System on the Atlantic Coast. By G. P. 
Matthew, D. S. (Transactions of the Royal Society of Canada.) In 
this tract Mr. Matthew, after mentioning a belt of Ordovician rocks ex- 
tending from the bay of Chaleur across New Brunswick into the state 
of Maine, south of the belt of Silurian rocks already known, and an- 
other near St. John, gives an account of a third belt of Ordovician strata 
lately identified by its fossils on the island of Cape Breton and in Con- 
ception bay, Newfoundland. The material is scanty and not very well 
preserved, but in Mr. Matthew's opinion clearly indicates the presence 
of this fauna farther to the eastward than it has hitherto been recog- 
nized in America. It consists of a few lingulids, a trimerellid, an obo- 
lid and an orchid, a Hyolithes and a trilobite. Good figures accompany 
the paper. e. w. c. 

A Summary of Progress in Mineralogy in 1895, By Wm. H. Hobbs. 
(From monthly notes in the American Naturalist. Madison, Wis., 1896. 
Price 50 cents.) Dr. Hobbs has had reprinted and collected in conven- 
^nt form his useful notes on mineralogy from the American Naturalist. 



Review of Recent Geological Literature. 51 

Id 1895. An index of subjects and also one of authors accompanies the 
pamphlet. In addition to notices of newly described minerals and im- 
portant contributions to mineralogy, descriptions of new and improved 
instruments are also given. u. s. o. 

Fos»il Finhes of the Moray Firth Area. By Prof. R. H. Traquair. 
In the above tract, which is reprinted from a larger work, on the Ver- 
tebrata of the Moray basin, by Messrs. Harvie, Brown & Buckley, 
Prof. Traquair has summed up to date our knowledge of the fossil fishep, 
chiefly Devonian, of Scotland and the reptilian fauna of the Elgin sand- 
stones, with a few Mammalia of quite recent age. 

The oldest fish remains were found in the Orcadian lower old Red 

beds of Cromarty, etc., and occur in limestone nodules. The following 

list of species is given by the author: 

Elasmobraivchii. 
Acanthodei, 

Diplacanthus striatus Ag. Mesacanthus pusillus Ag. 

** teuistriatus Trg. Cheiracanthus murchisoni Ag. 

Rhadinacanthus longispinus Ag. ** latus Eg. 

OSTRACODERMI. 

Antiarcfui. 

Pterichthys milleri Ag. Pterichthys oblongus Ag. 

** productus Ag. 

Dipnoi. 
Sirenoidei, 

Diptenis valenciennesi S. & M. 

Teleostomi. 
CrosHopterygii. 

Glyptoiepis leptopterus Ag. Osteolepis macrolepidota. 

Gyroptychius microlepidotus Ag. Diplopteris agassizi Traill. 

Placodermata, 

Coccosteus decipiens Ag. Homosteus milleri Trq. 

Acipenseroidci, 

Cheirolepis trailli Ag. 

^'Nearly all these fishes reappear in the flags of CaithneFs and Ork- 
ney." 

The three areas therefore **form one great paleontological series — the 
Orcadian." Sir A. Geikie has advanced the opinion that they were de- 
posited in a large lake of Lower Devonian age occupying the middle of 
Scotland. 

*^0f this assemblage of species not one occurs in the Lower Old Red 
Sandstone of Forfarshire or of any part of Great Britain south of the 
Grampians." 

The indications are therefore of two distinct hydrographical areas for 
these two faunas. 

Unconformably on these Lower Devonian strata lie the Upper Old 
Red beds of Elgin or Nairn. The stratigraphical relations of these two 
areas have not yet been satisfactorily ascertained, but their faunal dis- 
tinctness was proven some years ago by Dr. Traquair. 

The fauna of the Nairn sandstones is small, consisting of four species 
only: 
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09TRACX)DERMI. 

Antiarcha. 



A<^erolepi0 mazinui Ag. 



TeLEO!9TOMI. 

Cronifopierggii. 
HoloptychiuB deooratus Eich. Poly plocodus lepUigDathus, sp.D . 

Pfacodermaia . 
Coccoeteus magDus, sp. d. 

This founa. says Prof. Traquair, resembies that of the Ruasian De- 
Toniao beds in Livonia. 
The Upper Old Red beds of Elfnn have yielded the following species: 

E LASM GBR Alf CH II . 

Selachii. 
Psamiiiosteus taylori Trq. Cosmacanthus malcoimsoni Ag. 

OSTRACODERMI. 

Antiarcha. 
Bothriolepis major Ag. Phyllolepis concentrica Ag. 

" crista ta. sp. n. Conchodus ostreiforniis McCoy. 

Teleohtomi. 
Cronsopterygii. 
Holoptychius nobilissimus Ag. Polyploeodus sp ? 

'* giganteus Ag. Glyptopomus minor Ag. 

Dr. Traquair very justly remarks that the above fauna shows mani- 
fest indication of being later than that from Nairn. 

The overlying flandstones, which mainy years ago yielded the well 
known Teleri^eton elginemte, which was then and therefore supposed to 
be of Devonian age. are now assigned to the Trias in spite of their con- 
formity and the absence of clear evidence of a time-gap between them. 
These beds have now yielded thirteen traces of Reptilia, but no Bra- 
trachians. Besides the TeltrjietoH alluded to above, the most remarkable 
of these is the extraordinarj- Elginia mirabilis. "Nothing of this crea- 
ture is known as yet but the skull, and a most bizarre- looking skull it 
is, reminding us, as Mr. Newton observes, of the head of the American 
^horned* toad on a large scale.'* The paper is illustrated with nine ex- 
cellent plates of the fossils described. e. w. c. 
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CORRESPONDENCE. 



James Hall and the New York State Survey. In response to your 
request I send herewith a copy of the engrossed resolutions passed by 
our Assembly and prompted by the publications of monstrous state- 
ments concerning Prof. Hall in the Journal den Debuts and other Pa- 
risian and provincial papers in France and various newspapers through- 
out Germany and Austria. The Paris journal mentioned is the original 
offender. Whether it ever printed the official denial of the chancellor 
of our university, which I took pains to send, I have never learned. 
Some of the provincial papers did so. You are probably aware of the 
action taken by the Geological Society of France and the Soc. du Nord. 
The justification of Prof. Hall and his work was still further emphasized 
by our legislature in the passage of a law giving him life tenure of his 
position and entire independence in the management of his affairs. 

J. M. Clarke. 

STATE OF NEW YORK. 
IN ASSEMBLY. 

March 9th, 1890. 
On motion of Mr. Fin n : 

Whereas, during the session of the Legislature of 1895 a joint com- 
mittee was appointed for the purpose of investigating the various de- 
partments of the state government, and through a sub-committee inves- 
tigated the department of geology and paleontology, which for upwards 
of half a century has been under the charge of Dr. James Hall; and. 

Whereas, during the time when said sub-committee was engaged in 
the taking of evidence certain criticisms as to the conduct of said de- 
partment were indulged in by certain newspapers, which criticisms 
have been copied by many foreign journals with astoniphing exaggera- 
tions to the effect that the scientific world was startled by the fact that 
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uur difltioiniiBhed citizeo. Dr. James Hail, was incmroerated Id prison 
as a result of this iniresti|nitioD: and. 

WHEREAri. said articles, by their wide circulatioD among American 
and foreign jouroals. do an irreparable injury- and wrong to a distin- 
guishes! state officer, who. since his appointment to his present official 
posituin by Governor Marcy in the year 1837, has senred his State con- 
tinuously and with distinguished credit and whose scientific attainments 
and accomplish m?Dts have given him a world-wide fame, therefore, be 
it 

Re$olr4fd,Thiit the Legislature of the State of New York desires to place 
upoD its records this denial of the gross and false charges against the 
official integrity of Dr. James Hall, and to officially announce that thej 
are unjust, nntrue and not warranted by any evidence produced at said 
hearing, aod to express its confidence in his integrity*, and appreciation 
of his distinguished services and scholarly attainments, which, during 
a long life, have reflected such credit upon our State. 

HegolretL That a copy of these resolutions be transmitted by the Clerk 
of this House to Dr. James Hall. - 

By order of the Assembly. 

[Sigoed.] Hamiltox Fish. Speaker, 

A. E. BArTER. Clerk. 
State of New York. 

Seal. 

Clerk of Assembly. 

XcjTEi? ON THE GeOIjOUV OF SoiTHWRH-ERN NeW MeXICO.— Of the 

vast area comprised within the "Rocky mountain regi«»n of the west'* 
no part is. perhaps, so little known, geologically, as is its southern por- 
tion, circufiiscrilied within the area occupied by southwestern New 
M.ezico. Although one or two hasty reconnoissances of portions of thi& 
rt»gioij bavf- Ij^^n made at different times <but which were, under the 
circuuiStanueH. n^n.-essarily brief and more or lees imperfect* by division* 
of the United State's (iie<il<igical Survey, yet little has been added to our 
kuowl^g^ of it. 

For nearJy three years the writer conducted systematic reeearcheet 
and iuventiKationK in the geology .and archeoK)gy of south we«tem New 
M.Hxi<;u. and wbef requinite extendetl these researches into old Mexico 
and i>j\i>rwh). ThiB area comprises a |K>rtion of the extreme southern 
pari uf th*' gn-at ^'Plat-eau region'' of the west, and it is safe to say that 
no oth«*r i>.»rtion iumm^nk^-vi f«*ature8 of grt^ater geological interest. 

TLe geui-ral tojuigrapbical features of the region are reppesented by 
w-veral rugg»-d and ♦^xt^^nnive mountain ranges, isiilated groups and poli- 
tary jj«'akts mainly «^f r<'c«^nt volcanic origin, which usually sfinng ab- 
rupt! v out of tb«- vat*t i»'vel plains: also wide stretches of sandy desert 
aiid narrow f«'rtiU' valleyn. The mountains of this regioo abound in 
vastly rich reiiourrt*« <,f mineral wealth. ^ 

What HtrikeH tlir gr-oiogint most forcibly in this regkio is, pfri ia ps . the 
tjn'tit rnrlt'iy and nrentmisH of nearly all the eruptive rodos, as well as 
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the large areas of eonglouierate or **wa8h," especially aloDg the Gila, 
Sapillo and Mimbres rivers. This last formation, which varies consid- 
erably lithologically, often attains a thickness of over one thousand 
feet, and has a prevailing yellowish-buflf color. In many places the 
basalt has forced its way through and overflowed this late formation; 
while at other localities large areas have been uplifted, tilted and bro- 
ken by eruptions of basalt. 

The next division of greatest interest, although of relatively small ex- 
tent, is the strata representing the Lower Carboniferous and Creta- 
ceous* ages, all of which are much tilted and broken up by eruptive 
agencies. The Cretaceous is mainly composed of rather coarse, brown- 
ish-buflf to gray (sometimes red, locally) sandstone and quartzites, in- 
terstratified with a few narrow bands made up almost exclusively of 
beautifully preserved fossil remains, mainly Gasteropoda and Lamelli- 
branchiata and alternate layers and heavy strata of greenish-black 
arenaceous shales, in places carrying an interesting flora. 

What is of peculiar interest is that almost everywhere, as yet observed, 
the Cretaceous strata rest immediately upon the granite below, instead 
of being superimposed upon the older stratifled rocks. Only in one or 
two local areas have I observed the Cretaceous to rest upon the Car- 
boniferous, and here, as might be expected, unconformably. 

The Carboniferous is composed of heavily bedded bluish-black lime- 
stone, often containing a great amount of chert and yellowish-buflF cal- 
caVeous, and black carbonaceous shales and quartzite. The strata 
above the quartzite (except the beach shale, which carries a unique but 
rather rich flora) contain extremely interesting and rich faunas. The 
fossils are often weathered out (from the calcareous shales) in great 
numbers and perfect condition. 

The fourth division, although first as to magnitude of area occupied, 
is the Drift formation, which is of much interest and constitutes the 
great desert plains of this region that stretch onward far into old 
Mexico. 

In the Drift at Deming two apparently entire and well preserved 
skeletons of mastcxlons have been exhumed in digging wells, one being 
discovered approximately twenty feet and the other forty feet below the 
surface. Only a portion of each skeleton was removed. 

A large amount of data in the form of not^s, maps, sections, ores, 
minerals, fossils, etc., have been collected, as well as a large scale geo- 
logical map of the region constructed. t A detailed account of the re- 
sult of the field work, etc., accomplished will be published in the near 
future. ClemeiNT L. Webster. 

♦I have here provisionally considerefl all the strata abovo the Carboniferous (not 
including the cout^lomorate) as of Cretac<»ous ajco. and all below the (^retaceoii8 as 
Carboniferous. The question as to the exact affo of the quartzite (usually considered 
as Silurian) occupying the lowest horiz^m in the stratinod series here, will bo dis- 
cusseil in my future publications on the K-eolo^y of this reffion. 

+1 would here acknowlod(?c> my indebtedness to Prof. J. H. Huntington (who has 
spent Biany years in southwestern New Mexico), assistant Kt'olofcist on t ho State; f^eo- 
kxrical survey of New Hampsliire. for valuable assistances rendered in my KooloKical 
labors in this region. 
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Dr. G. p. Grimsley, of Washburn College, will spend the 
summer in geological work for the University Geological Sur- 
vey of Kansas. 

Mr. H. Foster Bain, assistant state geologist of Iowa, ha» 
been appointed to a fellowship in geology at the University 
of Chicago, where he expects to spend the next year in study. 

Prop. J. F. Kemp, of the Columbia School of Mines, started 
on May 28 with a class of students for Butte, Mont., where 
the regular summer school of mining and geology will this 
year be held. He will return via the Yellowstone park and 
the Black hills. 

T. C. Hopkins, assistant professor of geology. State Col- 
lege, Pa., will work on the Geological Survey of Indiana this 
summer on the investigation of the famous oolitic limestone 
of that state in company with Mr. Siebenthal. His report on 
the sandstones of the state has just been published. 

Sir Archibald Geikie's Lectures (George Huntington 
Williams memorial lectureship) before the Johns Hopkins 
University, which were expected the coming fall, have been 
postponed until next spring. The lectures will be on the 
principles of geology, and will begin on Wednesday, April 
21, 1897. 

A geological excursion will be offered members of the Ge- 
ological Society of America and the American Association 
through the Adirondacks, the week before the meeting in Au- 
gust. Prof. J. F. Kemp will have the party in charge in the 
eastern mountains. Prof. C. H. Smyth, Jr., in the western. 
Both these geologists expect to continue their field work dur- 
ing the coming vacation. 

Dr. Persifor Frazer, one of our editors, appears in Vol. IV 
of the National Cyclopedia of American Biography with a 
portrait and a well written biographical sketch, giving quite 
a full account of his ancestry as well as an account of his 
work in geology and his other writings. This cyclopedia 
(James T. White & Co., N. Y.) is very comprehensive and is 
being made to answer as a national portrait gallery as well as 
a biographical encyclopedia. 

Prof. Ralph S. Tarr, of Cornell University, will accompany 
Lieut. Peary on his next Greenland expedition. He will take 
with him a party of five, and besides the trip with several 
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stops he expects to spend five or six weeks in camp, probably 
at the south end of Melville bay. The party will consist of 
one paleontologist, a student of stratigraphic geology, a photo- 
grapher, a civil engineer, and one other. They intend not 
only to study the glacial movements, etc., but also the general 
geology. Arrangements will also be made to collect plants 
and animals. 

Alaskan Gold Fields. Mr. J. Edward Spurr has been sent 
to Alaska by the U. S. Geological Survey to investigate the 
gold field, especially those of Forty Mile creek. He is accom- 
panied by Messrs. Goodrich and Schrader. The party will 
cross Chilkoot pass, at the head of Lynn canal, to the waters 
which flow into the Yukon and will descend by canoe to Forty 
Mile creek. They expect to spend a year and a half in Alaska, 
passing the winter in one of the mining camps, and next sum- 
mer they will descend the Yukon to its mouth and thence back 
to the United States. 

Bryn Mawr College. Dr. E. D. Cope lectured May 14th 
to the students of geology on the argument for organic evolu- 
tion derived from the paleontological record. The work of the 
year closes with two excursions: an excursion into New Jer- 
sey where the gravels of the Pensauken and Jamesburg, the 
Raritan clays and clay marls of the Cretaceous series, and 
the Fish House clays were examined and fossils collected. 
This excursion was in charge of Dr. Wm. B. Clark. A second 
excursion is to be taken to Neversink and Penn mountains. 
This trip will afford opportunities to study Pre-Cambrian, 
Cambrian, Silurian and Triassic formations. 
American Association for the Advancement of Science. 

The 49th meeting of the A. A. A. S. will be held in Buffalo. 
N. Y., Aug. 22d to 29th. The Geological Society meets Sat- 
urday evening, Aug. 22d, for business purposes, and the pa- 
pers will be presented before Section E of the A. A. A. S. the 
following week. During the week preceding the meeting the 
following excursions will be taken under the auspices of the 
Geological Society, but intended equally for the members and 
friends of the A. A. A. S. : 1. Stratigraphy and paleontology, 
conducted by Prof. C. S. Prosser. 2. Petrography, conducted 
by Profs. J. F. Kemp and C. H. Smyth, Jr. 3. Economic ge- 
ology, conducted by Dr. F. J. H. Merrill. 4. Pleistocene ge- 
ology* conducted by Messrs. G. K. Gilbert, Frank Leverett and 
H. L. Fairchild. Further information concerning these ex- 
cursions can be obtained from Prof. H. L. Fairchild. Roches- 
ter, N. Y. 

Crater Lake Special Map, An edition of this map with 
topographic data has recently been issued by the U. S. Geo- 
logical Survey, accompanied by a description written by Mr. 
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J. S. Diller. This Oregon lake, occupying a roughly circular 
pit nearly six miles in average diameter, on the summit of the 
Cascade range about midway between mount Shasta and 
mount Hood, is of intense interest and beauty. The lake is 
-6,239 feet abav« sea level and is reputed to be the deepest 
fresh water lake in America, having the remarkable depth of 
2,000 feet. It is surrounded by steep and precipitous cliffs, 
which rise in places over 2,000 feet above the lake, and are 
composed of sheets of lava and f ragmen tal volcanic material 
dipping away from the lake. It is thought that the pit, in 
which the lake is situated, was formed by the sinking of the 
main mass of a huge volcanic mountain which once rose 
several thousand feet above the place now occupied by the 
lake. 

Academy op Natcral Sciences op Philadelphia. May 19, 
1896. Mr. Henry A. Pilsbry spoke of the geology of the de- 
posits containing fossil Unionida? at Fish Neouse, N. J. The 
mussels, some twelve species of LFnio and A)iodonta^ occur in 
a thick black clay stratum used for brick and die making. 
Below this is a stratum of red clay, gravel and *' iron-stone'' 
(bog iron) about two feet thick, which rests on a bed of sand 
of unknown depth. This sand shows the stratification and 
oblique lamination characteristic of arenaceous deposits in 
running water. The speaker considered that the hypothesis 
of our ancient '* ox-bow" of the Delaware river explained the 
phenomena presented; the underlying sand having been de- 
posited in the bed of the river; the channel was then aban- 
doned for a new one, leaving a lagoon or '' slough" in which 
the layer of yellow material was deposited at subsequent 
times of freshet and after the up-stream end of the lagoon was 
entirely filled up, the black clay was formed in idle water, 
largely by the decay of organic matter, moll u scan and other 
life flourishing in lagoons of this nature, Mr. Pilsbry held 
that the black clay and underlying sand were a deposit 
wholly different in genesis and earlier in -time than the gravel 
which overlies the clay bed, this last gravel being referred by 
professor Salisbury to the Pensauken formation. Besides tiie 
mussels, fossil wood occurs in the black clay, as well as 
remains of the Pleistocene horse, Eqaus major Leidy. The 
latter, as well as the Unionidie (some of which are recent 
species) prove the deposit to be of post-Pliocene age, instead 
of Cretaceous as claimed by Dr. Lea, Prof. Whitfield and 
some others. 

The character and age of the deposits were farther consid- 
ered by Prof. Heilprin and Mr. Woolman. 

May 26, 1896. Mr. Edw. Goldsmith reported that a speci- 
men of supposed geyserite from Hawaii had been found by 
him to be an amorphous, soluble sulphate of lime. The sub- 
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stance was formed on the edge of the Kilauea crater, associ- 
ated with sulphur. 

Prof. Edw. D. Cope exhibited the skull of a whale from the 
Miocene of the Yorktown epoch. It adds another species to 
the whale-bone whales and established their descent from the 
Zeuglodonts. The elongation of the parietal and frontal bones 
is characteristic. The form is allied to the genus Cetotherium 
and is described under the name Cephalotropis'coronatus. 

Geological Society of Washington. 

At the 49th meeting held May 13, the following communi- 
cations were presented : 

The Faunal delations of the Eocene and Upper Cretaceons on the 
Pacific Coast. T. W. Stanton, U. S. G. S. The Chieo-Tejon eeries has 
been described as a eoDtinuous series showing a gradual transition both 
faunally and stratigraphically from the Cretaceous into the Eocene, the 
close faunal connection being found especially in the ** Martinez group '* 
(an upper sub-division of the Chico) and in ** Intermediate boos/' A 
study of the faunas and stratigraphy, especially in middle California, 
has proved that the intermediate beds and the upper part of the Mar- 
tinez group are identical and that thev form a lower zone of the Tejon, 
or Eocene. When the line betwften the two formations is thus located 
their faunas are but little more closely related than the Upper Cretace- 
ous and Lower Eocene faunas of other parts of the world. With the 
exception of an ammonite, of which a few specimens were reported from 
the Tejon in early collections, the few species that seem to be identical 
in the two formations are persistent types that have come down to the 
present day with little change. 

The structure and age of the Cascade Range, J. S. Diller, U. S. G. S. 
The two sections of the Cascade range aflforded by the Klamath and 
Columbia rivers expose volcanic rocks only, and indicate that the range 
where most typically developed is composed essentially of lava from top 
to bottom. As far as yet known it has no core of older metamorphic 
rocks on which the line of volcanoes developed. 

The auriferous slate series occurs on the western slope of the Cascade 
range about the head of the Umpqua where it is impinged by the 
Klamath mountains. These older rocks belong to the Klamath moun- 
tains. They strike northeast towards the Blue mountains of eastern 
Oregon and make a large angle with the general trend of the Cascade 
range. 

At Ashland in southern Oregon, the relation of the Cascade range to 
the Klamath mountains i§ better exposed. They are separated by Rogue 
river. valley which is cut chiefly in Cretaceous strata. Overlying these 
with apparent conformity and dipping gently to the eastward beneath 
the Cascade range are similar sedimentary rocks containing silicifled 
wood, referred by Mr. Knowlton to a period certainly later than the 
Cretaceous. Above these and conformable with them on the western 
«lope of the Cascade range are numerous sheets of lava and tuff. A tuff 
near the base of the series contains Miocene leaves. Although the vol- 
canic activity of the Cascade range may have been initiated in earlier 
times, the period of greatest eruption and the upbuilding of the range 
occurred during the Neocene. 

An early Date for Olaciution in the Siena Nevada. Willard D. 
Johnson. The author described the occurrence of striated pebbles, of 
foreign material, in the extensive andesite-tuff flows, or volcanic mud 
flows of the Sierra, and gave reasons for regarding the striation of these 
included pebbles as probably glacial. He then called attention to a cer- 
tain anomalous topography of the summit region of the range, and 
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/.ff»»n»d for it an int«»rpn»tali*>fi which. t4>ffethi>Fr with the prpflBiicr of the 
pr»»i«ntnahhr '„'l»Hal fjehhjew in the ri«»epty ranynn^ lavas, a pfj e miwi to 
•.varrant thV infei^nne that alaeiation here hati a heemninff coincideBt 
with th#» ^r»H'tw>n of the Sierra Nevada into a hii^h range. 

W. F. MoR«T?LL, IT. S. Cieoi. SarreT. 
At the r>«>th meeting: r»f this ^oeiety heid in Washington. D. 
( *.. >fav 27. the la»»t meetiner until next fail, papers were read 

a« follow*: 

'fh^ SfrftH'ftf^ anfi T**.r1iir^ of Soilst. f'nder this title Prnf. >dtoD 
Whitney, nf the V. 8. Department of Amncmtture said :— Tte foUowine 
ftyrrt^ are iifmally npoken of as the principai ones in the diainteKzatioa 
of roeke and the fiMrmatioB of Boils. L Chanires of temperature. 2. 
>(oVinfif water or it^. i. Inthience of vegetable nr animal life shades 
the land: admits air: iwivent action of the roots: e-hemicai actioo of 
derayine orpanic matter, fourth- worms, .ind bacterial. 4. Chemical 
aetion of air and water, l. Oxxdation and hydration. Attenticm was 
i^alled to the faet that all of these forfjps. except the soiTent action of 
water and hydration, are largely Riiperiiciai and wouki not act at any 
considerable depth. They (^rtainhr can not explain the disintegratiDo 
of rorks to a depth of HO or <;> feet as is seen in the crystalline areas at 
the South. It is an interestinflr fact that !^is eontam on an areraice 
ahont i^^ per t^nt. by volume of ioterstitial apace. If the solrent action 
of water has been the main canae of the (iiaintecratiDn of rocrks. then 50 
per ••eot. of the rock must hare been disBDired and carried away. H the 
rock hwttieen nplit up by mechanical means mto the minute grains of 
Hand and day then the resnltini^ material mns^ have swelled to twice 
its orii^al volume. LAntem niidea were exhibited showinK the shape 
of !y>il (^ins and the relative size and surface area. These were uaed 
to ilUistrate Rome f>f the physical properties of sand and day. Sides 
were also nhown illustratiniB^ the texture of ^oils and the eeooomical 
impnrtanee of this subject in the diaCrifoution of crops was pointed i>at. 
the texture of soils adapted to many of the principal crops beinio^ shown. 

By the Btrurture r>f soils is meant the arraneement of the sed grains. 
This has an important t^eoloincal l^earmg and a very important ecoiKHnic 
side. Slides were used to show grains of soil unltocculated aa they 
^xist in a puddlcni clay and flocculated as they exist in a loam soil. The 
fifect of this on the relation of soils to rain fall wna explained and the 
economic importance of the difference in the conditionB maintaiited by 
the soils owinj? to the diffprence in the structure was pointed out. 

Topo^nph'i*' Strm^nelaturr of Sjmnijth AmeHca, Mr. Hobert T. Hill 
r»f the (j. H. Geological Surrey, read a ^-omprehenaye paper upon the 
names given by the Spanish people to the topographic featurrs of the 
United States/accompanying each kind by adeihxition and appropriate 
lantern illustration. It was held that with one or two exceptions Span- 
ish worfls could be found upon the published maps for nearly all topo- 
graphic forms. Over fifty of these terms were tiered and iUustrated, 
and Mr. Hill profwsed that many of them be ;tdopted into the Engliph 
language, and uswi for forms for which the latter possesses no appro- 
priate term. The paper will be published in full. 

W. F. >ioK»ELL. U. S. Geol. Survey. 

Xkw York Acwdemt of .SnENCEi*. 
May l><th, 1M96. The Academy met with pre«dent Steven- 
•aon iti the chair. The ejection of (^oio^ and Mineralogy at 
once organized. The first paper of the evening watf by Mr. 
Keinrich Riep, entitled "Note** of a Trip through the Marble 
rjnsrriea of wej»tem New England and eaHtem New York." 

Mr. Rieq sketched out the geology and geographic distribution of 
imestone quarries along the Hudson and Lake Champlain vallaya^ pass- 
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iu^ north, and the marble quarries in the Green mountains and Berk- 
shire hills, coming south. His remarks were copiously illustrated by 
the lantern and by many beautiful specimens. The paper was discussed 
by Messrs. Martin, Dodge and Kemp, to whose remarks the speaker 
replied. 

The second paper of the evening was by J. F. Kemp on ''The 
great Quartz Vein at Lantern hill, near Mystic, Conn. 

The speaker described the vein as about 400 ft. in width and at least 
1,200 ft. in length. Its northern extremity forms the summit of Lan- 
tern hill about 500 ft. above sea level. This portion is of hard milky 
white quartz. The southern extension of the vein forms Long hill. It 
is lower in altitude and largely composed of loose, pulverulent quartz, 
which, however, perfectly preserves the com by structure of the quartz 
vein. It consists of innumerable interlocking masses of quartz crystals. 
It is but slightly iron stained in a few spots. It is so soft that it can 
be crumbled between the fingers and is easily dug with pick and shovel 
without any blasting. The vein strikes north about 15 degrees east and 
cuts squarely acroFS the laminations of the gneiss. It is one of the largest 
quartz veins known in the east and is of very pure silica. Samples from 
tne crumbly portion range from 98 to 99.4 810.2 . A few rare scales of 

some migaceous or chloritic mineral are practically the only other ones 
present. Under the microscope the powdered quartz appears quite fresh 
and exercises a vigorous influence on polarized light. Some prism faces 
of quartz crystals show etched figures, but in general the evidence of 
corroding alKaline solutions is hard to find. The speaker was therefore 
led to rerer the pulverulent character of the vein to the eflPects of a 
faulting or crushing movement, although he inferred on the spot the 
action of some corroding alkaline solution, presumably magnesian. The 
paper was discussed by Messrs. Dodge and Hovey. 

The third paper of the evening was by J. F. Kemp and was 
entitled "The Pre-Cambrian Topography of the Adirondack?.'' 

The speaker mentioned the curious outliers of Cambrian and Ordovi- 
cian strata that have been discovered far up in the mountains from the 
main outcrops that skirt them. They lie in valleys in metamorphosed 
crystalline rocks, which valleys represent beyond question the old pre- 
Cambrian river valleys and which were filled with sediment by the en- 
croaching sea of Cambrian and Ordovician time. Lake Greorge is the 
largest example of this kind and contains remnants of Potsdam sand- 
stone and Trenton limestone in its southern portion. The valley of 
Trout brook, which lies just west of Rogers rock at the north end of 
lake George and is separated from it by a high intervening ridge of 
gneiss, contains two outliers of Potsdam sandstone of a few acres in ex- 
tent. In the valley of Putnam's pond in the western part of Ticonder- 
oga township there is another outlier of Potsdam sandstone. Both of 
these are shown on the map of Ticonderoga which accompanied the 
speaker's report to Prof. James Hall on this region, published in 1895. 
Another isolated area of Calciferous limestone, is found on Schroon 
lake, under Schroon Lake post office. It is a few acres in extent and 
the exposed rock is about 75 ft. thick. It is 850 ft. above tide at its 
upper point. Down the lake and river valley it is nearly forty miles to 
the next Cambrian outcrop, which is below Hadley. The speaker also 
cited the little outlier of Trenton limestone near Wells on the Sacon- 
daga river and the fact that the Cambrian and Ordovician sediments 
on the west side reach short distances into the areas of the crystalline 
rocks along the river valleys. He stated that all the outliers on the east 
side had a uniform northeasterly strike and a dip of 10 to 20 degrees to 
the northwest. He remarked that they occurred in the valleys of 
streams which are notably sluggish, explaining their slow movement by 
the fact that they flow in pre-Cambrian valleys, already nearly reduced 
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to a base level. He referred their parallel strike and dip to the greneral 
warping of the mirface in this region. Remarking the undoubted pres 
ence of faults in the later development of the topography he emphaeizeil 
the evidence of this early eroeion long before the time of the foesilifer- 
ous sediments. He added that the old river valleys had in part been 
determined by the presence of crystalline limestones. The paper was 
•discussed by Messrs. Dodge and Hovey. 

The last paper of the evening was by L. M. Luquer and H. 
Ries and described an area of Augen-gneiss near Bedford, N. 
Y. It was read by Mr. Luquer and will ap{>ear in full in the 
Transactions. 

The gneiss appears to have been originally a granitic rock that has 
been extensively crushed and sheared out into the Augen structure. 
The original quartz has l>een mostly comminuteti, but the Carlsbad 
twins of orthoclase, have remained as augen. 

The paper was discussed by Dr. E. O. Hovey, who cited the case of 
the sheared Eisenach quartz-porphyrj- in which the feldspars have been 
crushed, but the quartzes have been drawn out. 

Mr. G. F. Kunz mentioned the following items as the meet- 
ing closed: 

The Ottawa. Kansas, Meteoric Stone. A meteoric stone 
weighing 31 ounces was seen to fall by Mr. J. F. Black, April 
9, 1896, at 6: 15 p. m., on his farm 9 miles east and one mile 
north of Ottawa. Kansas. This meteorite contains iron par- 
ticles throughout and is of the characteristic stony variety. 

A REMARKABLE NCGGET OF NATIVE SILVER Weighing 448 

ounces troy, was found five miles from Globe City, Pinal 
county, Arizona. The mass is a water-worn nugget, slightly 
oval, very compact, and on its surface is bright silver-white, 
showing that it is made up of strings of crystallized silver, 
whereas the interior of the entire mass contains more or less 
<?erargyrite. It has been presented to the Lea Collection of 
American Minerals of the United States National Museum. 

New Zealand promises, mineralogically, to be a country of 
surprises, and many interesting things are being brought to 
light by the agate hunters from Oberstein, Germany, who are 
visiting it. Recently they have discovered some immense 
masses of rolled, rutilated quartz, weighing from 10 to 30 
pounds each. The masses are penetrated by crystals of rutile, 
red, brown and yellow, many inches in length and of the fine- 
ness of hair. Occasionally the rutiles occur very sparingly: 
then again they are in such profusion as to give the entire 
mass the appearance of being a matted mass of hair. One 
mass of 30 pounds was entirely of this character. A fifteen 
pound mass contained a dozen or more crystals of rutile nine 
inches in length and from one-half to two mm. in diameter. 
Magnificent crystals of amethyst have also been found, one 
of which is entirely of gem-cutting material and weighing 550 
pennyweights, or 27^ ounces troy. Topaz, blue and white, is 
found in the same localities. J. F. Kemp, Secretary. 
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NOTE ON THE DISCOVERY OF A SESSILE 
CONULARIA.-ARTICLE II. 

By R. RuEDEMANN, Dolgt^villc, X. Y. 
(Plate II.) 

After having presented* the general features of the occur- 
rence of a sessile Connlaria^ the writer intends now to de- 
scribe the most novel part of the fossil, i. e., the basal appen- 
dage. 

Though an attempt to isolate anddecolor some of the appen- 
dages failed, partly on account of an obscure cleavage in the 
rock and partly on account oY the consistency of the residuum 
after the treatment with acetic and hydrofluoric acids, the 
author succeeded at least in developing, by the application of 
the same agents, several of the stout chitinous appendages on 
the slabs (cf. figs. 5 and 16). The defects in the preparation 
of the material are atoned for by the well-preserved state of 
the material itself, for several of the bases are preserved in 
neat natural sections (cf. figs. 2 and 3), a comparative study 
of which — as well as of the varying aspects of the other bases 
— allows a fair insight into the structure of this interesting 
organ. In order to enable the reader to form for liiniself a 
picture by a comparison of the different states of preservation, 
the writer has given as many sketches as possible. 

*Amer. Geol., vol. XVII, pp. 158, March, 189G. 
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A« alrendy stMfed in the tir*!t arricle. most bases appear at 
Wv^X ^ij?ht \\9 «5toiit snbfircnlar to snbovalchitinons rings* (cf. 
pi. II, ti«^. 1. which is the bape of the specimen reproduced on 
pi. IX. tig. 1, op. rit.). The original form was probably cir- 
iMilar. ao the elongated fornif* (ef. lig. 20) are generally found, 
near the k^dfi^e of the supporting fopsil ( ef . pi. VIII, tigs. I and. 
2). where they were more liable to l)eeome laterally com- 
])re9<3ed than thofae on the inner ])art of the foispil. 

The dimensions of those rings whieh are found still attached, 
to a ('oi}nhir{ft are: diameter from 1 to 2 mm. ( original of lig. 
1. pi. IT. measures 1.8x.7 mm. : original of tig. 19, 1.75x2 mm.), 
though a few larger separate ones have been found (one 
measuring 4 mm.) : bight .iJ mm.. ( taken from the originals to 
tigs. 1, 2 and 8). 

Kxternally the ring is perfectly smooth and shining (tig. L). 
♦expanded more or less abruptly towartls the base (cf. tigs. 2, 
;], \\\. 18). Underneath it possesses a system of regular radial 
folds (cf. Hgs. T, 8. 1>, 13, 18). The true nature of the rings 
is revealed by a few vertical sections which were found on 
some slabs (cf. tigs. 2 and 3). Fig. 2 is a reproduction of the 
whole fossil, which is interesting because it demonstrates not 
only the occurrence of basal appendages detached from the 
extraneous object, but also the common separation of the pyra- 
mid of f'onnhtrin (frnrihs from the appendage a little above the 
latter. As both sections are not quite metiian, part of the ring 

♦These rin^s have been observed by A. G. Nnthorst as early as 1882 
icf. A. O, Xathorst, **Om fftrekomsten af Spite not haliuH cfr. nngustifo- 
Ihis Hall i si hi risk skiffer i Veatergfttland*' in (jreologiFka FOreningens i 
Stockholm PArhandlinffar. vol. t5, p. .*1L*5, pi VH). The same author has 
published this year, in the April number of the same journal (vol. 18, 
no. 4 1, under thp headline of "Sphenothnllns f»n Conulaintu^' a review 
of the study of thiH interestinff fossil in Sweden, from which it appears 
that he, in describing in the first cited paper — a specimen of Spkeno- 
thnlhfH Hall from the Silurian shale in the neighborhood of V^b in 
Wf^stgothhnd. accepted Haifa interpretation of the fossil as an alga. 
Some years later, however, aniither specimen was sent to him by Dr. N. 
O. Hoist, the state of preservation of which was such as to convince 
>?ath<^>rst at once of the impossibilitj' to refer the fossil to the vegetable 
kingdom. He pointed out this fact t«) Hoist, who afterwards sent the 
same spe ■imen to J. Cbr. Mober^ for identification. The latter reached 
the aame c< inclusion, as appears from an extract of a letter of his to 
Nathorst: "It seems to remind me si^mewhat of a CnnuUtria. and above 
all It surely was not any alga.*' Nathorst himself accepts now the 
identifi^'Htion of S/f^nnfhafhis with Conularia. Hall's type is not so 
^v^-ll preserved as to have V)een able to suggest a comparison with 
('(tfiularid. 
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is seen from the inside. In both, the ring becomes attenuated 
toward the top (in fig. 2 abruptly) thus forming a skin which 
fastened the basal appendage to the pyramid. This skin 
formed a dome above the ring, as may be inferred from the 
laterally compressed specimen reproduced by fig. 9, at a : b is 
the basal ring, which on account of its bulging out a little 
more, adheres to the counter part of the fossil. The general 
form of the appendage may be compared to a bell, which term 
will be applied in this paper to the exterior chitinous wall of 
the organ under consideration, as the word does not imply any 
expression regarding the possible functions of the whole. 

Fig. 10 reproduces a specimen (taken from the original to 
pi. VIII, fig. 2), which gives a view of the inside of the dome 
of the bell and exhibits irregular radial wrinkles of the skin, 
caused probably by shrinkage prior to fossilization. In fig. 
12 a base is seen from above. Here the greater part of the 
ring is preserved, while the upper portion of the bell left only 
its impression. 

As appears from fig. 8, which reproduces the view allowed 
by one of the appendages into the bell from beneath, the lat- 
ter — or at least its thicker basal part — consisted of concentric 
layers. 

The absence of any carbonaceous film at the base of the 
bell (cf. figs. 7, 8, 13) would lead to the conclusion that the 
bell was open there; but the smooth surface of the rock 
inside of the deeper impression of the ring (cf. 1\g, 9rf) in sev- 
eral specimens indicates the former existence of a basal 
closing film. A very clear view of the latter is furnished by 
the basal appendage (cf. fig. 15) of the Coiiularia reproduced 
in fig. 14, which apparently was attached to a little fragment 
of a Stictoporella. It appeared at first like fig. 15 ; the dis- 
solving of the enclosed rock, however, brought out the entire 
base of the organ, namely, the broad, deeply-impressed exte- 
rior ring (a), the impression of the somewhat wrinkled film 
(6) stretching towards the center of the base and connecting 
with an internal part (c) that appears as a narrower radially 
furrowed impression of a ring. The latter can be seen very 
distinctly at the bottom of the basal appendage reproduced 
by fig. 1. In the remarkable specimen belonging to fig. 6, all 
chitinous parts have been removed by weathering except two 
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8tout rin^s. whii^h ^^trongly contras^r with the butf-<»oloreil 
weathen^d !*hale. and whi<*h are evidentiv the bases of the bell 
and of an internal part of the appendage. Also the original 
to tig. 5 (taken from the group pi. IX, tig. 7) exhibits a stout, 
thotigh now. through the aetion of the acids, somewhat cor- 
roded ring. Another reproduction (tig. T) of the underside 
of a bajaal appendage «*hows the latter removed from the center, 
apparently by the overturning of the young Cnnnhiri(t to 
which it was firmly attached. It is partly preserved in the 
original of tig. 9, and it can be distinctly seen in the basal ap- 
pendage reproduced in fig. 1;^ (taicen from the group pi. VTQ, 
fig. 5), where it j^tands out in relief, while its system of basal 
radial furrows (»an be seen in fig. IH at h. 

The real form of this internal body is revealed by a fine 
vertical section through the basal appendage (tig. 3) of a de- 
tached Comthirid (tig. 4). This section shows a crescent- 
shaped cleft again of a stout chitinous body, proceeding from 
the converging marginal grooves of the pyramid of Cnnularia. 
The horns of the crescent can be traced to the chitinous mass 
of the basal ring of the l>ell, the inside of which is visible in 
the section. The original to fig. 5 assists in making evident 
that this crescent is the section of a chitinous cup-shaped 
body, which is fastened to the apex of the pyramid, while its 
base is continuous with the basal skin, extending to the exte- 
rior bell. The cup itself was not closed basally, as it can be 
inferred from the little node in the center of the impressions 
of the basal appendages (cf. fig. 9f/). 

It remains to consider the connection of the pyramid of 
(Joniilorifi with the basal organ. As the sections tigs. 2 and 
3 indicate, the angular grooves of the pyramid curved in 
at the basal end. The subquadrangular piece broken out of 
the dome of the bell in fig. 10 suggests that the shell of Contt- 
laria yet retained ib« quadrangular section when entering the 
bell. The counterpart of this fossil (tig. 11) has preserved 
the broken-out chitinous piece and exhibits on the latter a 
jross of four ridge*^. consisting of pyrite. A similar aspect is 
presented by the node in the middle of the basal appt»ndage 
of fig. 17, which is an enlargement of the base of the speci- 
men reproduced on pi. VIII. tig. 4, and which shows two arms 
and the intersections of the two others on top of the central 
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node. The pyrite in both specimens points to the former ex- 
istence of cajials, or at least to an original ditference between 
the material which has been replaced by pyrite and the en- 
closing chitin^. There can hardly be any doubt that the cross 
of pyrite represents the basal junction of the marginal grooves 
of the pyramid, and that the little node in the center of the 
base (cf. figs. 11 and 17) is the real apex of the pyramid. 
The direct continuance of at least two grooves is exhibited by 
quite a number of remains, e. g.. by those reproduced in figs. 
18 and 19, while the original to fig. 20 gives a neat section 
through the four grooves at the entrance of the pyramid into 
the bell. It is evident from the latter fossil that these grooves, 
as already demonstrated in the first article, were originally 
covered by a carbonaceous film and filled with phosphate of 
lime. The supposition is, therefore, not out the way, that 
they may have been free from this tilling towards their prox- 
imal ends and could therefore have been filled by pyrite dur- 
ing the process of fossilization. 

The morphology of the whole appendage will behest under- 
stood from a diagrammatic section, as given in fig. 21. The 
apex of the pyramid (r/) is enclosed in a stout central cup 
(6), which, in turn, is connected by a thin film (c) with the 
broad bas^l extension of the exterior bell (n). The latter 
again is fastened to the pyramid a little above the cup. 

There can be no doubt that the basal appendage was an or- 
gan of attachment. It is further evident that the latter did 
not amount to a coalescence, but was of a temporary charac- 
ter only; for the not uncommon occurrence of detached spec- 
imens with well-preserved basal appendages (cf. figs. 2 and 4) 
is not consistent with the assumption of a coalescence. The 
apparatus, therefore, cannot be compared to the basal disks, 
such as certain bryozoans have. On the other hand, it is in- 
dicated by the impressions left by the appendages* that their 
inner parts were flexible or even retractible, while the stout 
exterior bell, with its broad, radially striated base, apparently 
served to give stability to the mechanism and to close the in- 
terior tightly from the exterior. 

♦Cf. figs. 16 and 9, which show the ring-like impression (c) of the bell 
to be considerably deex)er than that of the wrinkled basal film {d). 
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An Mttpnipt to '-oTTipRre rh»* basal jippenclaeres To <nrkers. 
<uo\\ ',\< vMrion** i2:a*itrr»yiod« u«s«» for piirpos*«< (»t' iirtu«»hinent, 
wr)nlfl l^nd to rhf t'lirrhiT fissiimption thjit. their iiiterinr was 
tilW»r| with Tmi*i<*nhir tis«»np. and r*onsecpientiy «'(>nne<*t(Hl with 
th** «'ir/Mih^t«»ry M'-afprn of th** livinsr animal. The writer wan 
imahlo to ^nuly thi« <jiiesrion on aermint of tlie iiecrative re- 
•^nlt<» which f'»lloweH liia nttempts to isolate the appendatre^ : 
neither did he <nefeed in traHne: the «*nntiuent ranals, indi- 
cated hy the cross*! f»t' pyrite at the apex of tiie >hell. which 
may h;ive ^.tt'ected a connection with the interior of the [U'ra- 
niid jind thereby have become instriimentai in prodiicini^ a 
VMcinini bv the withdrawal of a tlnid. similar to that found in 

4 

I lie pediceU of the echinoids. The writer, liowever. is inclined 
to ^Tippowe that there exijateii no connection whatever betwee^n 
the interior-s; of the pyramid and <»f the appendaa^e, but that 
attachment wmi« etfected bv the eiaaticitv of the latter alone, 
especially by that of the central cup. The orsran might then 
be compared to the chitinous muckers with which the uiaiet» of 
certain water- beetles ( c. ;^., fiHuecteft) are provideii. and 
which po-a'^esss no muscular tissue whatever but adhere to for- 
ci<rn bodies by external jiressure and by subse<|uently rei?uui> 
'\n<r \Up oriirinal -haj>e throufrh their own elasticity, thus 
prodncinLT ;« vncTium much like the India rubber plates which 
are ii>ied to fasten objects to the iriasjg plates 4 >f show windows^. 
The <hap«» "f the central cup as well as the fact that the ap~ 
pendatje^ con»ii<ts of a -substance which certainly was elastic, 
con Id l>c :iddii<*ed in favor of this supposition, while then* 
seem^* »o l>e 110 serious obstacle in the way of assuming that 
the .tnimal. — which no «loubt liad a certain power ot* fre^ 
inovinLT. — had the further j)ower of pressinsi the apex of the 
rihell aiul with it the <ecureiv fasteneil mip to the bcaiv it 
wished i<» aflhere r.». 

The (lia<4rainmatic -ef*rion. tig. 21. is intended to illustrate 

at 

the workiii'jr ,,f rhe a])j)aratus, the dotted part representing 
th'* latter!!) ' he ^tate of compression preparatory to attach- 
m<'!it. :ind Mic -triatt'd part -hows the -ame in the -^tate of 
»t rsH-'iMicuT !.v -nctioii. 

ir -hoiild b«' f-niembered that however ernuieous the at- 
Tenipt f'» ''vplain the special op**ration of this organ may be, 
ihi- d"^-' no' atfcet the fact that t he attachment was evidently 
'.Ti'v :« 'ennxC'irv "t\e aiul that rhe impressions left by the 
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appendages show both, the connecting film and the central 

cup bulging inward. These observations can, in the opinion 

of the writer, be only accounted for by the assumption that 

the basal appendage was an organ of attachment by suction. 

Explanation of Plate II. 

Conularia gracilis Hall. Utica shale, Dolgeville, N. Y. 

Fig. 1. Dorsal view of basal appendage. Enlargement of the append- 
age of the specimen reprcxiuced in pi. IX, fig. 1. XlO. 

Fig. 2. Vertical section through appendage. Whole specimen as 
found. XlO. 

Fig. 3. Nearly vertical section, a, basal ring of exterior bell, seen 
from inside; 6, dorsal part of bell; c, interior cup. XlO. 

Fig. 4. Detached specimen of Coww/aria grraci//s, bearing the append- 
age reproduced by fig. 3. Nat. size. 

Fig. 5. Underside of appendage, a, base of exterior bell; 6, base of 
interior cup. XlO. 

Fig. 6. Ventral view of appendage, only the bases of exterior bell (a) 
and interior cup (b) being preserved. XlO. 

Fig. 7. Ventral view of appendage, a, base of exterior bell; 6, base 
of interior cup. XlO. 

Fig. 8. Ventral view of appendage, showing the radial furrows of the 
base of the exterior bell and the concentric structure of the latter. XlO. 

Fig. 9. Lateral view of basal appendage. «, dome of bell; b, basal 
ring of bell; c, impression of base of bell; d, impression of basal skin; 
e, node in center, cast of central cup. XlO. 

Fig. 10. Interior view of bell from ventral side, shows WTinkled dome 
of bell and subquiidrangular entrance of pyramid of Conularia, XlO. 

Fig. 11. Counterpart of the preceding. Shows the apex of the pyra- 
mid. XlO. 

Fig. 12. Dorsal view of appendage. Dome of bell broken away. XlO. 

Fig. 13. Ventral view of appendage. Shows radial striation of base 

of bell. XlO. 

Fig. 14. Conularia graxiilis Hall attached to a fragment of Stictopo- 

rella. Nat. size. 

Fig. 15. The same. Basal appendage as found originally. X8. 

Fig. 16. The same. Matrix removed by acetic and hydrofluoric acids, 
a, interior bell; b, imprespion of connecting basal skin; c, impression of 
central cup. X8. • 

Fig. 17. Ventral view of appendage. Exterior bell seen in section. 
Exhibits apex of pyramid. X6. 

Fig. 18. Ventral view of appendage, a, base of bell; b, base of cen- 
tral cup. X 10. 

Fig. 19. Impression of basal appendage. Junction of two marginal 
grooves of pyramid preserved . X 10 

Fig. 20. Transversal section through appendage. Shows the four 
marginal grooves of the shell of Conularia in section. XlO. 

Fig. 21. Diagrammatic section through basal appendage. The dotted 
part is a section through the basal appendage in the state of compres- 
sion, the striated through the same in the state of attachment. XlO. 
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The strata are nearly horizontal, the normal dip being to 
the south at the rate of a few feet per mile. But they have 
been thrown into gentle undulations of two systems. The first 
system consists of a number of low broad anticlinal and mo- 
noclinal axes sweeping across the district in a general east 
and west direction, but curving slightly toward the south. 
Crossing this system at an oblique angle, there is a less dis- 
tinct northwest and southeast system. In addition to the 
above systems of a true Appalachian montanic type, there is 
a long broad structural elevation, commonly known as the 
Grand de Tour-La Salle anticlinal. This is the nature of the 
so-called Cincinnati arch, of which, in fact, it appears to be a 
continuation. 

Topography. 

In order to obtain a correct idea of the topographic features 
of the district under discussion, we can do no better than to 
briefly describe a number of views taken from elevated sta- 
tions within its limits. 

View I, Two miles northwest of the town of Lena, in Ste- 
phenson county, there stands an isolated ''mound," long 
thought to be the highest elevation in the state. In ascending 
it, a splendid scene bursts upon our vision. Few people know 
the delight of looking down upon a cultivated plain from even 
so low an elevation as a "mound." This hill is about 150 feet 
in hight, and it stands on a plain w^hich has at first a gently 
rolling surface, but at some distance, if we face the north or 
east, toward the Pecatonica river, it becomes rapidly undu- 
lating, being dissected by comparatively narrow valleys. Al- 
though it is a hilly country, all the hilltops rise to nearly the 
same hight and in the far distance merge into a perfectly 
even sky line. Looking southeastward, the apparent plain is 
seen to be broken by a single elevation, a "mound/' six miles 
distant, consisting of several long and narrow parallel ridges, 
which rise to a maximum altitude of about 125 feet above the 
plain. Southward and westward the level plain is terminated 
by a long range of hills, which, if the atmosphere be hazy, will 
resemble a low mountain range, though only a few hundred 
feet high and twelve miles distant. At the northern end, 
this range of hills breaks up into several isolated cone-shaped 
mounds. 
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F/V/r ^. Ahont two rnilpf* f*fi*»t of <r«lena. in Jo Davie?*s 
f»0!infy, there i>« a "mound'' whieh ri •*#**! |>erhaps* 2()0 t'ef*t a ho ve 
the j]^eneriil upland •*nrfac»e. Limkinsf northwe«itward from its 
s«Titnmit we «iee a **harply diwHeeted ))]ain. broken !>y no eieva- 
tion«> within thi« ^tate. Hut to the ^outh and -iouthwe?*t a 
line of prominent "mound!*" ri!4e from 2tM> ro :UM> feet ab«»ve 
the plane whieh pB»»«e<» alon^ the hiiit<»ps of the ordinary up- 
land sTirfaee. Kafitward from us* a very lariore portion of the 
eountry i^ oeeupied by lont^ ridefe;* and small plateaus, which 
rirae from a di!«<»eeted plain in the <anie manner and to a r»iTiii- 
lar hij^ht af» the isolated "raoundi*.* 

r'/V/f .]. This view i?* taken tive mile«i northeast of the <»itT 

of Preeport. in Stephen>»on county. We stand on a broad ridge 

and look aeroa<i ^^imilar ridges to the north antl «*ast. But all 

the ridcre*» are of the same bight, and within a few mile** they 

merge into a perfeetly even sky line. Tracing this line around 

by the wejat. we tind it broken by a single cone- shapes I mound; 

but. turning to the south, we lo(»k across a broad basin in 

whieh the hill topj» do not rise to -io great altitude as the 

rf dge on which we stand. Ten miles distant, however, the 

surface again rises to the level of rhe hills imraeiliately about 

u«, and is apparently a portion of the same dissected plain. 

In the broad shallow basin, which intervenes between the 

higher ridges, we find that, were the valleys tilled up to the 

level of the hills, we should have a plain, sloping rapidly from 

the ridges which bound it, but becoming nearly level in the 

central portion. While its level is lOO feet lower than the 

• 

orrlinary upland surface, it is still a very hilly c«>UTitry, for, 
trenched below the bottom of the ancient basin, there are 
comparatively narrow valleys, bically b«)unded by blutfs. The 
largest af these valleys is occupied by the Pecatonica river. 

f '/>//• Jf. The divide between the hydrf)gniphic basins of 
Y^-ilow r-reek and Leaf river is a bn)ad ritlge. at some places 
siiTjnlating a low. narrow plateau. Taking our p»>^ition on its 
cvi'^x and looking southward, we see a bn->ad valley or basin, 
sfvrai mii**-« wide and bounded by a narn.>w ridge nearly as 
fii'^h '^< rh^ on*^ on which Wf? stand. Trenched into the bottom 
of rhi-j ba-^in are narrow valleys of the same system that we 
foirKl in the Pecatonica basin. If we were to go southward 
}rr ►-- tlii-« brisin to the ridg.f which b>unds the view in that 
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direction, upon ascending to its summit we should look into 
a similar but broader basin, and beyond it to another high 
ridge in the distance. 

During the first two views we stood on " mounds," and 
looked down upon a broad gently undulating and deeply dis- 
sected plain. During the last two views we stood on some of 
the ridges which compose this phiin, and looked across lower, 
dissected, basin-like plains. It is evident that the topographic 
forms of the district fall uaturall}'^ into four classes. There 
is apparently a well defined but deeply eroded peneplain, be- 
neath the surface of which there have been excavated shallow 
valleys, so broad that they may be considered as another but 
imperfectly developed peneplain. The ** mounds " rise above 
the first as monadnocks, and the bluft'-bound valleys are 
trenched below the second, constituting the present canon- 
like valleys of the streams. 

Ancient Peneplains or Baselevels. 

The writer recognizes five distinct preglacial baselevels in 
northwestern Illinois. As their age is somewhat uncertain at 
the present stage of the study, they will be designated by 
numbers. 

Peneplain Ko, 1. The •* mounds" of the lead region of 
Iowa, Wisconsin, and Illinois, consist of about 100 feet of 
Cincinnati shales, capped by from 25 to 150 feet of Niagara 
limestone. They do not all rise to the same altitude, but, in 
general, adjacent ** mounds " have their summits nearly on a 
common level. Many of them are prolonged into ridges and 
broaden into narrow plateaus. The ridges have even crest 
lines, and the plateaus are flat. In short they impress one as 
being remnants of an eroded and slightly deformed peneplain. 
There are, however, several objections to the ready acceptance 
of this proposition. Especially it may be urged, from the 
presence of the capping Niagara limestone, that the apparent 
even plain of the summits is a structural plane due to a resis- 
tant stratum. 

There is some evidence that a baselevel plain of erosion ex- 
isted at or above the summit plane of the *'mounds." They 
almost invariably stand over the synclinal axes of the district. 
This fact has been so generally recognized that some geolo- 
gists have ventured to locate such axes by means of the 
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••mounds" alone. Now it is evident that, when the baselevel 
passed below the summit plane of the "mounds," the drainage 
systems were not in the synclinal troughs, but had been read- 
justed during some previous cycle so as to occupy the posi- 
tion of the anticlinal axes. This does not necessarily imply 
the presence of a peneplain, but. as studies in other portions 
of the continent have shown that such a readjustment of 
drainage systems is generally accompanied by the formation 
of a peneplain, we may presume that such was the casein our 
district also. It remains to determine, however, whether the 
"mounds" reach the level of the peneplain or are merely the 
worn down remnants of higher elevations. 

The Niagara limestone in Iowa, adjoining the district occu- 
pied by the "mounds," reaches a maximum thickness of 850 
feet. It thins slightly in all directions, but at least '200 feet 
of it is due over these elevations. Now in the central portion 
of Jo Daviess county, where there are plateaus exceeding one 
mile in width, less than half of this thickness of the Niagara 
formation remains. If the summit of the "mounds" is not an 
eroded peneplain, but due to the presence of the resistant Ni- 
agara limestone, we should expect their hight to be dependent 
largely on the width. For instance, a ridge of unequal width 
should have a serrated crest line. It is also difficult to under- 
stand the conditions under which subaerial erosion, acting on 
the summit of a ridge, could remove the larger part of a ho- 
mogeneous hard limestone formation and finally leave it as a 
flat- topped plateau exceeding one mile in width. Indeed, the 
evidence is almost conclusive that the removal of the greater 
portion of the limestone was effected during a cycle in which 
the baselevel of erosion approximately coincided with the 
summit plane of the "mounds." The preservation of these 
remnants of the peneplain, to the present day, is due to the 
fortuitous circumstance of the baselevel bearing such a rela- 
tion to the structural planes as to preserve strips of the Niag- 
ara terrane over the synclinal troughs, while the anticlinals 
carried the surface of the soft Cincinnati shales above the 
peneplain, constituting them lines of weakness readily seized 
upon by the streams. 

It is not asserted that all the "mounds'' of this district 
reach the level of the peneplain. The summit of many of the 
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cone-shaped elevations and narrow ridges has doubtless been 
lowered somewhat during subsequent cycles of erosion. In 
some cases the limestone cap has been entirely removed and 
the soft shales underneath have been worn down to a mere 
dome-shaped protuberance on the lower plain. But the flat- 
topped plateaus must attain a hight as near to that of the 
uplifted basal plane of erosion as do any of the ancient pene- 
plains of America. 

This peneplain No. 1, in northwestern Illinois, attains a 
maximum altitude at least 1,275 feet above the sea, as indi- 
cated by Charles Mound, in Jo Daviess county, the highest 
elevation in the state of Illinois. From here it slopes gently 
towards the south and southeast. The most eastern "mound" 
is situated near the village of Eleroy in Stephenson county. 
It is thirty miles east-southeast from Charles Mound and at- 
tains an altitude of about 1,075 feet above the sea. On this 
"mound" there remains only a thickness of about a dozen feet 
of the Niagara limestone, and we might suppose that its sum- 
mit has been worn down far below the peneplain level. But 
all the "mounds" in Stephenson county rise to a plane which 
graduall}'' ascends as it approaches Charles Mound and passes 
through its summit. Consequently, we may assume that the 
peneplain level is represented by the summits of the Stephen- 
son count}^ "mounds." We thus learn that not only is it de- 
pressed toward the southeast but it also approaches the plane 
which passes through the ordinary upland surface. In west- 
ern Jo Daviess county the upper peneplain stands about 250 
feet above the lower plain, while in Stephenson county the 
difference is only 125 feet. The preservation of many rem- 
nants of the peneplain in central Jo Daviess county is due to 
the considerable thickness of Niagara limestone remaining in 
the structural troughs at the close of the cycle. But the 
peneplain in passing eastward on the strike of the synclinal 
axes beveled the edges of the Niagara strata gently upturned 
by the Grand de Tour-La Salle axis of uplift. This accounts 
for the small amount of Niagara limestone remaining oil the 
"mounds'' of Stephenson county and also for its total absence 
in the country east of Eleroy. 

At the close of cvcle No. 1 northwestern Illinois was a low- 
•ying plain of slight relief, with river systems adjusted to the 
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Cincinnati shales still remained in considerable thickness at 
the close of cycle No. 2, the peneplain is represented by no 
ridge until the base of the Niagara limestone passes below its 
level six miles south. Thence to the Rock river this base- 
leveled plain remains only in long, narrow sidges, several miles 
apart, and occupying the position of the synclinal axes. In- 
deed, the regular deformations of the rock strata can be 
determined as readily by a study of the ridges which consti- 
tute the remnants of peneplain No. 2 as by the ''mounds.'* 

In the country eastward from Freeport, the uplifted pene- 
plain which we are now considering is represented by a broad 
ridge on the Stephenson and Ogle county line; and ten miles 
north it forms a hilly upland described in view 8. The basin 
between these higher upland areas widens toward the east 
until it constitutes the greater portion of the upland surface. 
In the vicinity of the preglacial valley of Rock river, pene- 
plain No. 2 has been completely destroyed, as also for many 
miles back from it. But outside of the immediate valley of 
the stream, the surface is an eroded upland plain resembling 
that of western Stephenson county; and, at first thought, the 
much lower altitude of the upland near Rock river than of 
the general surface in the more western portion of the district 
might be attributed to a tilting of the peneplain toward the 
east. Such tilting has occurred, but not to the amount that 
a casual survey of the region would indicate. Even in the 
eastern portion of Stephenson county, where both upland 
plains are well represented, some confusion might be exper- 
ienced in separating the upland surface into two classes; for 
the ridges which make up the lower upland are but little 
lower than the remnant ridges of peneplain No. 2 along the 
edges of the basins, while the former gently decline in a grace- 
ful curve and the two reach the Pecatonica valley proper at 
an equal hight. All the higher upland ridges form a perfect 
plain sloping gently to the southeast. The inclination is 
regular, and by projecting the plane across the Rock river 
valley it is found to be at a considerable hight above the 
general upland surface. Proceeding on a meridional line 
southward from Freeport, the same gentle declination of the 
peneplain is indicated by the higher ridges; and, projecting 
J ts plane across the upland near Rock river, it is found to be 
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that the streams which baseleveled our district tlowed into 
the sea at the head of the Mississippi embajment. Approxi- 
mating the distance as 400 miles, and allowing a gradient of 
two inches as a minimum and five inches as a maximum per 
mile, we should arrive at an altitude for the plain in the posi- 
tion now occupied by the city of Freeport of respectively 66 
feet and 166 feet. The latter figure is probably more nearly 
correct than the former, and by adding 275 feet for the maxi- 
mum hight of the **mounds'' we should hnve 441 feet above 
the sea as the altitude of the highest point of our district 
(and probabl}'' of all districts in the present state of Illinois) 
at the close of cycle No. 2. Although little reliance can be 
placed on the accuracy of the foregoing (and subsequent) es- 
timates of the altitude of northwestern Illinois during differ- 
ent erosion cycles, they may be considered as indicating, in a 
general way, the amount of elevation during each uplift of 
the region. It is proposed tr) prove that our district was up- 
lifted by a series of movements of elevation, ])erhaps epeiro- 
genic in quality, culminating at the <*lose of the fivepreglacial 
erosion cycles. If there were movements of depression, their 
record has been destroyed by subsequent erosion. 

Peneplain No, J. The main features of this peneplain have 
been already described. It is only quite recently that the 
writer first recognized its existence. As suggested before, 
many observers on a hasty reconnoissance of the region might 
deny its existence entirely. But upon proceeding eastward 
from Freeport and taking a position on the bluffs of the Pec- 
atonica valley, the facts can not be controverted that all the 
ridges adjacent to the present canon-like valley rise to the 
same hight, which is about 80 feet above the river level ; and 
that this hilltop plane is about 100 feet lower than the ordi- 
nary upland surface several miles back from the river. These 
80-foot ridges undoubtedly represent a base level of erosion. 
The peneplain of the higher upland ridges, the basin-like val- 
leys above the level of the 80-foot ridges, and the present 
canon-like valleys, are all carved from a homogeneous forma- 
tion, the Galena limestone. Furthermore, the facts that 
similar broad and shallow basins have been excavated below 
the surface of peneplain No. 2 throughout the region, and that 
the bottom of these basins always bears about the r^anie rela- 
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At the close of cycle No. 3 northwestern Illinois was a 
gently rolling plain. The general upland surface was about 
100 feet above the broad plainlike valleys of the larger streams. 
We cannot say that the sea coast during this cycle of erosion 
was more distant than during the preceding one; and, as the 
larger valleys were a perfect baseleveled plain, we will assume 
the same drainage gradient for the streams of this cycle. As- 
suming the ditterence in altitude of the two peneplains to be 
the actual amount of uplift, we obtain a maximum altitude for 
our district at the end of cycle No. 3 as 541 feet. The average 
upland altitude would be 2C0 feet above the sea level of that 
time. It is possible that our estimates for this cycle are too 
low, as tlie streams, meandering on the broad flood-plains of 
the valleys, were doubtless much longer than the basins in 
which they flowed. 

BaseUrel No. Jf, The present valleys of the streams of 
northwestern Illinois are comparatively narrow, flat-bottomed 
troughs. The sides are frequently very steep, occasionally 
precipitous walls of bare rock. These bluffs vary from a hight 
of 80 feet in the lower Pecatonica valley to 250 feet along Che 
Mississippi river. There are 200-foot bluffs along the Rock 
river between Grand de Tour and Oregon, but the stream is 
out of its old course and these blutrs are not preglacial, so that 
they do not affect the present discussion. The width of these 
valleys varies according to (a) the size of the stream flowing in 
them, {h) the nature of the rock excavated and (c) the depth 
of the gorge. The soft Cincinnati shales give broad valleys 
with gentle slopes ; the Galena limestone permits much nar- 
rower valleys, with'distinct bluffs and mural precipices; the 
Niagara limestone forms slightly narrower but otherwise sim- 
ilar valleys ; and the St. Peter sandstone has much narrower 
gorge-like valleys, with steep blurt's but rarely precipitous 
cliffs. The moderately resistant pr(»perties of the St. Peter 
sandstone in Illinois are finelv illustrated in the Elk Horn 
creek valley in Ogle county, where a fault with a throw of 40 
feet crosses a small valley. On the upstream side of the fault 
the valley is excavated into (jalena and Trenton limestones 
and is broad and open ; but, where the fault brings the St. 
Peter sandstone above the valley plain, it suddenly narrows 
to a gorge less than one-third as wide as it is above the fault. 
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the portion of the valley above the flood-plain with that under 
it, so far as the latter can be determined by well-sections, 
indicates that the blutt's were formed during a cycle of erosion 
when the streams flowed at a level, at Freeport, 20 feet lower 
than the present water level. The existence of the rock-shelf 
at Freeport is undoubted, but in other portions of the district 
the evidence rests largely on the fact that, while the bluffs 
above the present stream level are frecjuently precipitous, their 
buried portion has often a moderate slope. Nor is this sloping 
basal portion of the blutf a talus, for the wells upon reaching 
it penetrate solid undisturbed rock strata. Now a perpen- 
dicular blutf in such a formation as the Galena limestone can 
only be produced by the undermining of its base by a stream. 
Hence, the base of the blutf indicates the stream level during 
its formation, and the slope below belongs to a succeeding 
cycle of erosion. 

While the evidence of the existence of a rock-shelf a short 
distance below the present alluvial plains is not conclusive in 
the greater portion of the district, it appears to the writer to 
be so in the vicinity of Freeport. And as the rock-shelf at 
the latter place can hardly be an isolated phenomenon, it may 
be assumed that it is represented in some form or other and 
in some position throughout the district and probably far be- 
yond it. 

At the close of the cycle No. 4, what is now northwestern 
Illinois was a dissected gently rolling plain with topography 
essentially as now. As the valleys whose excavation was 
accomplished during this cycle were many times wider than 
the streams which flowed in them, it ma}' be presumed that 
their base was a baselevel j)lane of erosion. The uplift which 
terminated cycle No. 3 was comparatively rapid so that the 
streams, quickly cutting down to the new baselevel, meandered 
on a gradually widening flood- plain, and, undermining the 
valley sides, produced the present blutfs. The preceding sys- 
tem of valleys — the broad basins of cycle No. 8 — had no bluffs, 
although excavated into the same formation. While this cycle 
was undoubtedly several times as long as that which succeed- 
ed it, the strong contrast in the topographic forms produced 
is explainable under the supposition that the uplift during 
cycle No. 3 was slow and extended through practically the 
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valleys are very narrow at the base. Indeed, there is no evi- 
dence that the streams had trenched their new canons to the 
new baselevel before the close of the cycle. 

The depth of the lower canons in the Pecatouica valley is 
probably not less than 200 feet. If we may judge from the 
imperfect data at hand, these valleys increased in depth to- 
ward the northeast. This seems to indicate a general tilting 
of the district toward the southwest. As this district is but 
a small portion of a great geologic province, we may presume 
that this tilting was extended over a much larger area. May 
it not have proceeded from some point far northeast of our 
district, as, for instance, the Laurentian area of uplift? May 
it not have been a portion of the temporary uplift of the 
northeastern part of North America, to which the inaugura- 
tion of glacial conditions is by some considered to have been 
dueV 

The altitude of northwestern Illinois at the close of erosion 
cycle No. 6 is undeterminable at the present time. It is as- 
sumed that the sea coast was even farther distant than dur- 
ing the preceding cycle. An addition of 500 feet to our last 
estimate, or a maximum altitude of 1,441 feet, is probably not 
too much. The general upland surface would then be 1.200 
feet above the sea, and the water level about 900 feet. This 
would not be sutllcient to bring on glacial conditions in our 
district, but it is assumed that the presence of an ice-sheet in 
northwestern Illinois was due to introduction from a more 
elevat<?d area to the northeast. 

Type Section. 

The conclusions expressed in the preceding pages may be 
summarized into the accompanying ideal section (figure 1), 
designed to illustrate the ancient baselevels developed in the 
vicinity of the city of Freeport. It will serve an important 
purpose in the matter of reference, and may be known as the 
Freeport baselevel section. It is exaggerated vertically, but is 
true to the impression which an examination of the topogra- 
phy of the area would make on the average student. 

A subject of considerable interest is the relative length of 
the several cycles of erosion here indicated. The solution of 
this problem is dependent on too many factors of unknown 
quality to give any present estimates much value. It is nee- 
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baselevels approach and at times merge into each other;* 
and (c) a large portion of the province has been glaciated so 
as to obscure the preglacial topography. But a few sugges- 
tions, as to what correlations are probable and apparently 
supported by present data, will not be out of place. 

During the past summer, Dr. H. B. Kiimmel, after a short 
study of the geomorphology of a portion of the Drif tless Area 
in Lafayette and Grant counties, Wisconsin (immediately 
adjoining our district on the north), published his conclusions 
about as follows :f He recognizes a peneplain consisting of a 
*^' broad undulating upland, with an elevation of from 860 to 
1,000 feet;" a few ** raonadnocks rising above it" and cul- 
minating in the Platte mounds, 1,250 to 1,300 feet above 
the sea : and a system of comparatively deep narrow valleys, 
trenched below the peneplain. These vallej's, because of' their 
being bounded by steep bluffs, surmounted by gentle slopes, 
he considers as the product of two cycles of erosion. ** The 
process by which the valleys are being formed is not a direct 
continuation of the process by which the gentle upland slopes 
were fashioned. The valleys were cut in the upland surface 
after it was elevated from the low position which it had dur- 
ing its formation." In these adjoining districts belonging to 
the same area of *' uplift," the correlation of the several base- 
level planes is easy and definite. Dr. Kiimmers peneplain is a 
continuation (without further uplift) of peneplain No. 2 in 
the more southern district. The Platte mounds belong to the 
same series as the monadnocks in Illinois. The gentle upper 
slopes of the valleys are equivalent to peneplain No. 8 in the 
Pecatonica basin; and the narrow bluff-bound caiions are an 
undoubted continuation of the similar valleys in Illinois. 

The Oetaceous peneplain has been recognized in southern 
Arkansas by Mr. L. S. Griswold.J It emerges from under the 
Oetaceous formations as a gradually rising plain. " At a 

♦This idea was first suggested to the writer by Mr. M. R. Campbell, 
who, in conj unction with C. W. Hayes, after a complete studj' of the 
geomorphology of the southern Appalachians, has traced the Cretace- 
ous peneplain in Tennessee and Kentucky, near the Ohio river, to a 
position only 2C0 feet above the Tertiary peneplain. They think it pro- 
bable that the Cretaceous peneplain merges into the Tertiary over a 
portion of the upper Mississippi and Ohio basins. 

tScience, June 28. 1895, pp. 714-71G. 

JProceedings of the Boston Society of Natural History, vol. xxvi, 
author's edition, May 14, 1895. 
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bj isolated outliers of the latter in central Tennessee and 
Kentucky, at levels which would bring it down to about 1,000 
feet above the sea at Louisville, Kentucky, or only 200 feet 
higher than the Tertiary peneplain at the same place. It is 
evident that the central Mississippi basin is an area of de- 
pression. The Illinois coal basin has been an area inclined to 
depression, while contiguous districts were being uplifted, 
since the early part of the Silurian period; and an examina- 
tion of good topographic maps will bring to light the fact 
that central and southern Illinois are now depressed somewhat 
below the surrounding areas of so-called structural *'uplift," 
causing its upland surface to be apparently continuous with 
that of the lower Mississippi region without any marked de- 
formation along the line of junction. ( -onsequently it is not 
improbable that, over a very large portion of the Illinois de- 
pression, the plane of the Cretaceous peneplain does not ma- 
terially differ from the baselevel plane of the Tertiary era.* 

Now the peneplain which is apparently represented by the 
summit level of the "mounds" of northwestern Illinois, south- 
ern Wisconsin, and eastern Iowa, descends toward the south 
at a rate which would take it below peneplain No. 2 on the 
southern side of the Rock river. As its elevation in our dis- 
trict was apparently due entirely to an uplift proceeding out- 
ward from some point in southern Wisconsin, we may assume 
that the coincidence between peneplains Nos. 1 and 2, in cen- 
tral Illinois, needs no further proof. In this connection it 
may be interesting to learn that Leverett and Salisbury have 
found sands and gravels apparently /// situ in Adams and 
Hancock counties, Illinois, which they are inclined to regard 
as a Cretaceous formation on account of the large numbers of 
sharks' teeth and other fossils of a Cretaceous facies which 
occur in the drift of that vicinity. 

Considering all the evidence in its j)roper bearings, it would 
appear that the Cretaceous peneplain, descending to the level 
of the Tertiary peneplain on the southern side of the Illinois 
depression, again rises above it on the southern slope (»f the 
Wisconsin uj)lift as peneplain No. 1 of the Freeport section, 
represented by the summit plane of the monadnocks of the 
district. 



♦This hypotliepis was first HUjjjfestcd t<» the writer in CDrresp'.indenL'O 
with Mr. Fiank Leveri'tt. 
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fn uotff h'-fi«it«'rn Minn«'*»ota undoubted marine Cretaceous 
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tin* I'viih'iicr, MJlliou^li frn^mentary, seems to lead us to the 
riijltiwiii^ ciiiirlusi(uis : (ti) if there is a baselevel plain of ent- 

♦KlfVi'Mlh Aninial W »|Mrt, U. S. (r'olojfical Survey, Part i, p. 334. 
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sion, of Cretaceous age, traceableover the southern end of tht^ 
Driftless Area, it is probably not elevated much if any above 
the summit plane of the '* mounds;" (6) this summit plane 
appears to represent an uplifted and eroded peneplain; (c) 
this peneplain answers all the conditions of a nearly destroyed 
Cretaceous peneplain. In the absence of evidence to the con- 
trary we will therefore provisionally correlate peneplain No. 
I of the Freeport section with the widely extended Cretaceous 
peneplain of the Appalachian and Ozark regions. 

I4i working out the correlation of peneplain No. 2 w^e are 
confronted with one important fact, namely, that baselevels 
Nos. 2 and H approach and perhaps merge into each other 
throughout a large portion of the central Mississippi basin. 
Moreover, as the No. 2 peneplain has been largely destroyed 
around the eastern and southern borders of our district, it is 
difficult to say with certainty on which peneplain we stand 
when on an upland surface in the country south of Rock river. 
It is believed, however, that peneplain No. 2 is represented by 
all the higher rock surfaces throughout central and southern 
Illinois at an average altitude of about 700 feet above the sea. 
This upland surface, if continued into northeastern Missouri, 
rises to between KOO and 900 feet above the sea level. It is 
apparently the same plane which passes across the Meramec 
highlands west of St. Louis; and, unless I mistake, it pene- 
trates the Oxarks in long, narrow basins, which in the central 
portions of the plateau attain an altitude of 1,000 and 1,100 
feet above the sea. It is there overlain b}' an ancient river 
deposit whose lithologic resemblance to the Lafayette forma- 
tion, as developed at the inner border of the coastal plain, is 
very striking.* 

Hayes and Campbell recognize the Tertiary peneplain in 
western central Kentucky at an altitude of about 800 feet 
above the sea. At an erjual distance north of the Ohio river, 
in southern Indiana, the general upland surface has about the 
same altitude. This Indiana upland plain is apparently con- 
tinuous, through central Illinois, with ])eneplain No. 2 of the 
Freeport section. 

Our conclusions as to the age of peneplain No. 2 in north- 
western Illinois are as follows: (a) the presence on the pene- 

* American Geolo(jist, vol. xvi, necenil>er, 1895. 
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widely extended Tertiary peneplain of the Appalachian prov- 
ince be correct, the Lafayette plane would belong in the for- 
mer district at the level of the higher upland ridges constitu- 
ting peneplain No. 2. There would then intervene, between 
the Lafayette period and the time of canon valley erosion, a 
considerable length of time represented by the excavation of 
the broad basins of northwestern Illinois. It is possible that 
erosion cycle No. 3 in our district is the time equivalent of 
the deposition of the Lafayette formation in more southern 
districts. It is also possible that its products in the southern 
Appalachian and Ozark provinces are topographic forms of so 
little importance that the existence of this as a distinct base- 
level of erosion has not yet been recognized. Because of the 
above doubts I would locate the Lafayette plane in north- 
western Illinois as probably equivalent to peneplain No. 2, or 
possibly to No. 3. In either case the canon valleys are post- 
Lafayette and may properly be classed as Quaternary in age. 
The buried valleys constituting the product of cycle No. 5 
are not indicated beyond this district except in a few widely 
separated localities. Mr. Frank Leverett, in securing well- 
sections along the Mississippi valley, encountered evidences 
of a buried rock-shelf.* He says: "In places a preglacial val- 
ley is found to carry shelves of considerable breadth, now con- 
cealed beneath the present valley bottom. Thus at Quincy 
and St. Louis a rock shelf extends entirely across the present 
bed of the Mississippi, with an altitude 60 feet or more above 
the deeper portion of the valley. * * ♦ ♦ It is probable 
that such shelves as these are remnants of an old valley floor. 
Their full breadth is not known, hence we cannot judge 
whether they are mere fringes on the border of the deep chan- 
nel or are of such breadth as to greatly reduce the width of 
the deep channel." While we cannot completely demonstrate 
the synchronism of these Mississippi rock-shelves and those 
in our district, the valleys which are trenched below their sur- 
face may be correlated in a general way ; for it is evident 
that the t-ermination of preglacial erosion was practically con- 
temporaneous throughout the central Mississippi basin. The 
first elfect of the advent of an ice-sheet in northwestern Illi- 
nois was to depress the area and cause a silting up of the 
valleys in some instances even above the present water-level. 

♦Journal of Geology, vol. iii. Number 7, p. 762. 
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the former are the result of a later cycle of erosion, and that 
the apparent equality in size is clue to a difference in resistant 
properties of the rock formations excavated. The hard cherty 
Lower Carboniferous limestones of southern Missouri will re- 
sist the erosive power of the streams several times as well a& 
will the rather soft (Jalena limestone. The habit of the latter 
to stand in perpendicular bluffs is deceptive, and todet<»rmine 
the true relation between their resistant properties they should 
be studied in contiguous areas. 

Okkhx of Duainagk Links. 

The problem of determining the origin of the preglacial 
course* of the streams in northwestern Illinois is too complex 
for the present paper. I will advance, without argument, a 
few pr(»positions in regard to it. 

When northwestern Illinois emerged from I he sea near the 
close of the Paleozoic era, the drainage lines were consequent 
on the structure. By the close of <'ycle No. 1, a complete re- 
adjustment had been brought about, placing the divides in 
the position of the synclinal axes. During the second erosion 
cycle the streams, revived by an uplift, trenched valleys to 
the new baselevel. and cut away the divides, almost complet- 
ing a perfect peneplain. At the close of this cycle the divides 
were still over the synclinal troughs, and the drainage systems 
corresponded in a general way with the present (the Missis- 
sippi river being a probable exception). During another re- 
vival of erosive energy, the basins constituting the so-called 
third peneplain were excavated. At the close of this cycle, 
the streams had cut down into the ro(;k-bed of their channels, 
and had trenched new valleys, in some instances in meander- 
ing courses, but in the greater portion of our district compar- 
atively straight. The Pecatonica valley from Freeport to its 
mouth is a good example of the latter class. This portion of 
the valley is thirty miles long, averages between one and two 
miles in width, and is so straight that a line drawn through 
it would scarcely touch a bluff. Its position seems to be con- 
trolled by a monoclinal axis, or possibly by a fault. All the 
smaller streams of the district endeavor to follow the axes of 
anticlinal folds as closely as possible. Moreover, as the basins 
persistently follow these same lines, this habit was acquired 
on peneplain No. 2 (Tertiary V). 
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di8trict ip remarkable, and is explainable only on the suppo- 
sition that they were far distant from the main lines of drain- 
age. Those who are engaged in a special study of the Missouri 
region frequently express the opinion that the great elevation 
of the western half of the Mississippi basin was delayed until 
well on toward the end of the Tertiary era. The upper Mis- 
sissippi may well have flowed in some other course during this 
cycle. 

The comparative recency of the origin of the present Mis- 
sissippi may further be inferred from the narrowness of the 
upper trough or basin of the age of baselevel No. 3 in the 
Freeport section. Very small creeks in the central portion of 
the district have eroded basins in Galena limestone which are 
rarely less than a mile in width. The Pecatonica river above 
Freeport excavated a basin three miles wide in the same for- 
mation. The ancient Rock-Illinois river, in crossing the Ga- 
lena terrane, baseleveled an area at least several times as wide 
as the last. On this principle of valleys being proportional 
to the size of the streams, so large a river as the Mississippi 
(all other conditions being e(jual) should have completed a 
basin at the very least fifty miles wide. Instead, through a 
large portion of the stream's course, where it crosses the Ga- 
lena terrane, the baselevel No. :J is undistinguishable by means 
of the topographic forms. At Dubucjue the valley is a canon 
about one mile in width and 250 feet in depth, reaching nearly 
to the general upland surface. If the basin of erosion cycle 
No. 3 is at all represented here, it must be by a 100- foot slope 
at the top of the precipitous bluff on the east side of the river. 
Again, in tracing the upper trough or basin of Carroll creek 
to the Mississippi river, baselevel No. 3 is found well defined 
all the way: but it cannot be located, without a close study, 
in the neighboring canon of the great river. In short, the 
weight of evid<Mice tends to prove that no large stream occu- 
pied the position of the present Mississippi on the western 
border of our district during cycle No. 3. But the canon val- 
le}'^ is of the proper size for a large river (although it does 
seem to be rather narrow at places, as at DubucjUe), and it 
may have been excavated by the Mississippi in its present 
size. This is a very complex subject and will recjuire much 
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additional work before any definite conclusions can be estab- 
lished. However, we may infer from the present data, that 
at or near the close of the Tertiary era there was a radical 
rearrangement of the stream courses (»f this portion of the 
continent. The problem of the Tertiary lines of drainage in 
the upper Mississippi basin is one of great interest and it 
awaits only future researches for its solution. 



NOTE ON THE FORMATION OF GOLD ORE. 

By K. VON Kraatz.* Translnt4><l by H. V. Wixchel.l. 

In Spite of the many revelations made by gold mining in 
the last fifty years and in spite of the tremendous practical 
interests that are continually leading to new searches for the 
sources of gold, we are still but poorly informed as to the 
origin of this noble m(*^al and the conditions governiivg its 
deposition. It is true the secondary occurrences in river 
sands and in the so-called placers (Scifengebirge) are ex- 
plained without difficulty, although even here widely different 
theories are expressed on one point, viz., the explanation of 
the occurrence of nuggets and the supposed reenrichment of 
gold sands that have been already worked out. It will be 
readily admitted that large gold nuggets cannot be trans- 
ported by the floating or rolling action of water; and most 
geologists have believed until recently that they are found too 
seldom in the solid quartz to account for those found in the 
alluvions. Hut since more careful observations, like those of 
Flowitt in Australia, have been made upon the occurrence of 
nuggets embedded in rockf it is known that pieces are found 
in quartz (more widely scattered to be sure) of equal size with 
those of the secondary deposits; and hence the size of placer 
nuggets no longer compels us to accept the theory of solution 
and rej)reci|)itation of the gold. We have, therefore, to deal 
with transportation of the larger masses and the supposed 
recharging with gold. 

Now it is certainly not an unjustified assumption for us to 
conclude that the gold nuggets did not grow as we now find 

♦Zeitschrift filr praktischo (loolojrie. May, 189G. Extract from the 
Verhandlun^en do8 Naturhist, Med. Vereins zu Heidelberg, N. F. V. 
Bd. 4 [left. Carl Winter's Universitfttsbuchhandlung in Heidelberg. 

tTlie newly discovereil j^oKl fields of Coolgardie in southwestern Aus- 
tralia have also yielded a considerable number of nuggets. 
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thein, but that together with the associated quartz they were 
rolled to their present positions in river beds. Enclosed in an 
equal bulk of lighter rock the transportation of the metal 
would be much more easily accomplished. As for the supposed 
reenrichmeut of washed-over gravels, this is only reported in 
-districts like the Urals and the older California workings where 
the methods were crude and only perhaps 60 per cent, of the 
gold was saved originally. It would not be surprising if in 
■such localities the gold particles, by reason of their high spe- 
cific gravity, should again be collected at the same level by 
circulating waters, and thus (in the Urals after a period of 
about 26 years) make possible, with improved methods of 
working, another ejtploitation of the old ground. One fact, 
however, is worthy of note : small, well-formed, sharp-angled 
crystals of gold are frequently noticed, and for these the the- 
ory of formation in the places where they are found seems the 
most natural. 

From the statements just made it is plain that we can by 
no means prove that gold cannot be dissolved and redeposited 
in secondary deposits. But I intended to suggest that al- 
though the theory of chemical formation may not be satisfac- 
tory for ordinary secondary deposits, yet the occurrence of 
large nuggets is susceptible of ready explanation. In pri- 
mary deposits it is quite another matter. To what extent we 
are obliged to accept the theory of deposition from solution I 
will endeavor to show in the following paragraphs. 

If we wish to acquire a correct apprehension of the condi- 
tions governing the deposition of gold we must, first of all, 
consider its paragenesis. Henry Louis has with great care 
described all the minerals with which gold is associated. Al- 
though their number is considerable, the number of those 
which can be looked upon as charaeteristic and universal as- 
sociates of gold is quite limited.* Among these the most 
prevalent are quartz and the commonest sulphids, such as py- 
rite, chalcopyrite, galenite, zinc blende and stibnite. Of these 
latter, pyrite takes the first place by reason of its wide distri- 
bution and its constant presence where gold is found. We 
«hall now endeavor to account for the common occurrence and 

***0n the Mode of Occurrence of Gold/' Min. Mag., vol. x, No. 47, 
pp. 241-247. See also Zeit.f. jtrakt. OeoL, ld94, p. 329: 1895, p. 84. 
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the essentially genetic relationship of the mineral combina- 
tion, gold, quartz and pyrite. 

Since it is only in rare instances that we Gnd gold enclosed 
in eruptive rocks,* and even then serious doubts are enter- 
tained as to its being an original constituent, we must exam- 
ine into the natural solutions from which the metal may 
crystallize or be precipitated. 

One solvent which universally contains gold is sea water. 
The gold content which Sonnstadt detected by various mean9 
is, however, only found qualitatively and in such minuter 
quantity that solution in sea water cannot serve as a general 
explanation of the deposition of gold. We should also, in the 
light of the theory, expect to find gold as an original constit- 
uent of marine sediments, contrary to the actual facts. Nev- 
ertheless, it is quite conclusively demonstrated that gold may 
be separated from solutions in which it apparently occurs a» 
a chlorid. 

K. Johansson demonstrated in a paper ''Om Ryssland malm- 
tyllgangar och dess Berghantering," that the gold of the 
Uralitic veins at Beresowsk may be secondarily crystallized 
out of solution. He writes: "With quartz we find pyrit^^ 
which by oxidation becomes limonite; and as subordinate 
minerals we have copper sulphid, galenite, cerussite. pyromor- 
phite, et<;. The gold seems to be principally contained in the 
pyrite and limonite and amounts to as much as 200g per ton. 
The gold (Content becomes less as depth increases, a circum- 
stance which indicates that it may be of secondary origin. 
The presence of chlorine- bearing pyromorphite among the 
gang minerals is also an evidence of secondary deposition. It- 
is supposed that the gold was introduced into the vein in the 
form of chlorid, a supposition that is warranted by the high 
content of pyrite, since this mineral precipitates metallic gold 
from its chlorine solution, as may be readily shown by exper- 
iment. 

In his experiments Johansson used a funnel whose stem was 
filled with quartz fragments whic.i were covered over with 

♦The only instance of the kind with which I am familiar is described 
hy MOricko. But h<» also mentions the aswKMation of the gold with py- 
rite and thinks that the former was originally native in liparite and 
later became attached to the pvrite. Zeit. f. jtrakt. OeoL, 1893, pp- 
143, 144. 
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grains of pyrit^. Solutions of dilferent strengths from 
"innuu to io6ooij() were filtered through the pyrite. The filtrate 
showed no trace of gold by the tin chloride test (purple of 
Cassius test).* At my request Dr. F. Stockhausen repeated 
Johansson's experiment, with a similar result. He also found 
that lead, copper and antimony sulphids precipitate metallic 
gold from a solution of sodium auro-chlorate. That Johans- 
son's discovery of this method of the precipitation of gold 
from its chlorine solution has a direct bearing upon its occur- 
rence in ores of various localities is suggested by its paragen- 
esis with chlorine-bearing pyromorphite in Wales, with 
chloridic miraetite of Nevada and chloridic vanadinite at Ber- 
josowsk. But however simple this explanati<m of the deposi- 
tion of gold by pyritic precipitation from its chlorine solutions 
may be, it is not applicable to the majority of cases. For 
frequently the chloridic minerals are wanting, and moreover 
the geld content of the rocks does not always decrease rapidly 
in depth, but very often remains practically constant to con- 
siderable depths. Here then we are obligetj to turn for an 
explanation to quartz, the invariable associab^ of gold. 

Highly siliceous waters are found to-day inhe^ysersand hot 
springs of North America. G. F. Becker invesputijbed the hot 
springs of California with special reference to tuten, content 
of dissolved metals. As described by him, thoundi^ers of 
Steamboat Valley, Nevada, which are situated 110), oo f^orth- 
westerly from Virginia City, at an altitude of l,5()n corros A. 
T., arise from a gray, coarse-grained, biotite horntpyrite ai*n- 
it« which is penetrated by fissures and overlain byrounflt>ytes 
and basalts. One series of fissures is filled by boiling, feebly al- 
kaline wat^r that is sometimes thrown out in jets three or four 
feet high accompanied by a roaring noise. Another series of 
fissures which now exhale only st^am with carbonic and sul- 
phurous acids, has, like the first series, covered its walls with 
hyalite, chalcedony and crystalline quartz. In the siliceous 
sinter and decomposed granite are found sulphur, sulphates, 
iron oxides, cinnabar, manganese and traces of zinc, cobalt 
and nickel. In -lOI^g of sinter the following were determined :f 

*** Mftndliche Mittheilunp," bv K. Johanssou. 

tEighth An. Rep. U. S. Geol. Sur. 1889, pp. 985, %7; see also J. Roth» 
Chem. Geologie, Vol. Ill, p. 309. 
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Antimony anil arsenic Bulphids 78.0308g 

Oxide of inm 3.5924 

Galenite 0.072() 

Cinnabar 0.0070 

Gold 0.0034 

Silver 0.0012 

That the ^old was undoubtedly depoBited by the hot waters 
was shown by the fact that in 15 poundi? of decomposed gran- 
ite Arsenic, antimony, lead and copper were detected, but no 
mercury or gold. In what form the gold was held in solution 
w'as not ascertained, and a physical condition is as likely as 
a chemical one. 

The hot springs of Nevada are the last manifestations of 
an eruptive era that has not long since ceased. If we look 
around for eruptive rocks in the famous gold districts we find 
that the principal gold fields of California, Australia and 
South Africa are cut in all directions by dykes of eruptive 
rocks of the dioryte and diabase group. The inference is not 
far to seek, that gold was present in the siliceous waters which 
accompanied t)A5 eruption of these as well as other deep- 
seated or Hurfi^wo flows, and that it was precipitated in the 
adjacent rog' b by the agency of sulphids which already ex- 
isted ther^oj: were sublimed by the eruptions. This hypothe- 
sis seeur'gol* be in harmony with the geological relations of 
the bobnitetnown gold districts. 

latent bt times the Witwatersrand has become familiar to 
us »h india the works of Schenk and Molengraaf and the thor- 
oence of stigation of Schmeisser. In what follows I have for 
'"• i« n^art made use of Schmeisser's description. 

ih Africa we can distinguish two varieties of gold 

cs: The gold-bearing quartz veins and the auriferous 

glomerates. The quartz veins belong for the most part to 

.e steeply folded Swazi formation which has been highly 
iietaniori)hosed b}'^ erupt ivcs. The characteristics of these 
veins in different districts may be summed up as follows: 
The (juartz veins are principally genuine bedded veins. They 
are numerously cut by greenstone dykes, chiefly of dioryte, 
which are also sometimes found to have a course parallel to 
the veins. Resides gold, pyrite is almost always present, but 
has very (►fteu been largely altered into limonite and iron 
ocher. Some veins contain large amounts of gold at the o it 
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set, but deteriorate rapidly in depth. As a result of the rot- 
ting of the pyrites, brown and black veins are common. One 
vein is rich in stibnite, which carries gold in the form of 
coarse lenticular grains. Where the antimony mineral is de- 
cayed the native gold is found embedded in the yellow- 
antimony oxide. Occasionally the gold is found in the bor- 
ders of intrusive dykes. The veins which occur in the granite 
(underlying the Swazi formation) decrease rapidly in gold 
content as depth increases, even though they may be very 
rich near the surface. 

Auriferous conglomerates are characteristic of the Cape 
formation, which rests unconformably upon the Swazi beds. 
The conglomerate strata carry a variable quantity of gold. 
They consist essentially of quartz pebbles which are held to- 
gether by a siliceous cement. The gold is found almost wh(»lly 
between the pebbles. When it occurs in them it seems to have 
been squeezed into small crevices. The greenish gray matrix 
that binds the pebbles together shows macroscopically pyrite 
and small quartz fragments, with occasionally some chlorite. 
Gold is seldom visible to the unaided eye: but it is also a 
rare thing to see gold in the matrix under the microscope. 
Dr. Koch found that pyrite, magnetite, zircon, rutile, musco- 
vite, chlorite, secondary quartz and gold constitute the ce- 
menting matrix. The pyrite is usually rolled or rounded and 
seldom occurs in the usual combinations, oo 02 (210), a> (210) 
(100) or (111). Dr. Koch determined and I can corrobo- 
rate it, that the gold is always later than the pyrite and 
nearly always united with or completely grown around the 
latter. Since gold in small quantity is not alwa3's easily dis- 
tinguished from the sulphids, a larger quantity of the so-called 
concentrates,* i. e. the pyrite liberated by the stamps, was 
examined. Under the microscope are seen numerous small 
crystals, which are parti}' recognizable as quartz and partly 
as small gold crystallites. If the pyrite be now digested for 
several hours in a very dilute solution of potassium cyanide 
the small metallic crystals disappear and in their places re- 
main only small irregular shaped cavities. Since pyrite which 
contains no gold is not attacked, even by 24 hours of treat- 
ment with the same potassium cyanide solution, the micro- 

♦Fumished by Dr. Rossler of Frankfurt a. M. 
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M-opj*- f rv^taj* K<-fij r.n th«- -urffc^-*- of tfc<- pTrii*- nnjM ht gvM. 
l"iji«? uu<:Th'«d of trfatnu-nt 3* tb*- "-hme »•> that which pjj«y« 
•'U'-h an jxfljyirtam ro]«- in tfa^ f janide prf-ec** a? pract3<:'<^ in 
ih*- W'itwat^-ri'rarjd. Tb^- cb^-mif'a] exaiQinati*»n thi3« If-ad? to 
thf- f»auj#- forj'.*ii;-Kiri a- the micrr^scopiea] : the ffold i- defw:^*- 
Jt*-d on the ]>yrite and i»» of ]at«-r origin. Since pyrite pre^rip- 
jtate- jrold quantitatively from alin^»*t all itf^ -si^plntions it is 
naturaj v» ^ea-^'*n a«> follow*- regarding the auriferou* r-on- 
gjojuerate: I^ed- of fiebbl*^ rompfiried of quartz and >niall 
pyrite- ery j-ta]*? were involved in pere^»lating silice'^tu* waters 
earrying gold in <-o]ution. The gold wa« precipitated by the 
pyrite and d#-j>*»*2te<l ufK>n it. The r»ceurrence of gold in the 
ah«^ijfe of pyrit**. whi^-h might have pre«*i pita ted it. may he 
exphiin^-d hv ai»(^ijming the presence of a small amount c»f 
eanly vol u Me ferrous sulphate, which ha? »\^f the power of 
precipitating gold from it« solutiona.4 

The Kource of the anriferous i^oluti^ins remain? to be ex- 
plained. It \ii well known that the advent of acid eruptives 
i« alwayf» accompanied by rI ilea -bearing waterf? which have in 
many caKe« extensively silicificKl the rock? through which they 
pa*»«ed. That f?uch solution? can carry metals is proven b3' 
the numerous contact veins and ore deposits with which we 
are familiar. And that they sometimes carry gold was shown 
above by reference to the gold content of geyser deposits. 

Now the schist complex of the Swazi formation as well as 
th<' ('ajKr formation is cut by numerous dykes which are some- 
times 30 meters in thickness. A numl>er of these dvkes have 
been studied microscopically by Dr. Koch. He distinguished 
among them quartz hornblende dioryte, quartz diabase, quartz. 
pr/it4'robuse (three dykes), quartz enstatite or bronzite ensta- 
til<', olivine diabase, olivine norite and tholeite. Faults and 
overthrusts jire not uncommon in the whole gold producing 
nn-a. 

It is «*ertainly not b>* chance that rocks of the dioryte group 
oi'cur in <'lr»se relation with gold districts in regions far re- 

'^ll Hhould not \m' forgotten that ^old ocrurs in quartz unassoeiated 
with pyrit**. In that caHi* we (.'an ouly explain its presence by dilution 
of th«* oriirinul K<'liition and precipitation of the gold. In most caaep, 
h'lWcvJT. pyrit<- was originally prrwnt. as is shown by the hexahedral 
••jivili<*H or hy ih** brown stain on the quartz from which the pyrite baa 
\n'»'ii ri*rnovi'fl by ilfconiponition and solution. 
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moved from each other, and it is, on the other hand, altogether 
likely that it is this very class of rocks whose presence serves 
as the invariable associate and I'aison iVvfre of gold deposits. 
In Australia Howitt in particular has shown the intimate 
connection between Jihe auriferous quartz veins of Swift's 
creek and certain dioryte eruptives.* At that locality the 
auriferous (quartz veins occur at the contact of dioryte and 
schists, aad Howitt explains their formation as a phenomenon 
accompanying the dioryte eruption. Similar conditions obtain 
in the newly discovered gold fields of Coolgardie, near Perth, 
as I am informed by Dr. Chas. Chewings. The gold-bearing 
formation is fissured by numerous eruptive rocks, among which 
porphyry and dioryte dj'kes predominate, and practical ex- 
perience has shown that richness in gold depends upon proxi- 
mity to the eruptive masses. In the Urals, also, as I am told 
by Prof. Futterer, the presence of gold depends upon the 
occurrence of eruptive rocks and tectonic disturbances. 

We may perhaps look upon the auriferous character of 
rocks which are associated with dioryte as analogous to the 
formation of tin ore deposits near granite areas. f It is t-o be 
expected that similar later acid eruptives will also be found 
to have been accompanied by auriferous solutions. In this 
category we may place the rocks of the andesyte and trachyte 
class of Dilln in Hungary and Guanaco in Chili. Here like- 
wise the gold occurs in silicified belts of the rock or in cracks 
filled with quartz, and usually associated with pyrite. (iold 
does not appear to be genetically related with rocks which are 
much more basic than those of the dioryte group; but always 
with those more acid. Thus we find it occasionallv associated 
with quartz trachytes and dacites. 

Summarizing the above arguments we may find: Gold us- 
ually comes from the interior of the earth in acid solutions in 
company with acid eruptive rocks like dioryte. The form of 
the dissolved gold salt cannot be determined. In precipita- 
ting the gold from its solutions the sulphids. pyrite particu- 
larly, and to a subordinate degree copper, arsenic, lead and 

*** The diorites and granitos of Swift's CVrek and their contact zone 
with the auriferous dejiositfl.'' M('U)ourne, 1879. 

tRosenbusch, Mikrosk- Physio^r. 3d Ed. Vol. II, p. 258: VoL't. 
Zeit. f. prakt, Geol. 1892>, p. 479. 
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NOTES ON THE QUATERNARY GEOLOGY OF THE 
MATTAWA AND OTTAWA VALLEYS. 

Ittfi'^'lM^fory. In th*- a'JTunin of 1«»S<3 the writer made two 
*-x'."jr-ion* to N^rtb Bay on lake Nipi««ing. fir*t in August 
with Dr. F. S. Pf-ar'.-e. (-.f Philadelphia, and again in Septem- 
\m'T al'ine. Two i*T three davf wer** ?*|ient earh time searching 
for old -ihftre Hn*-- on the hill* or in studying the lower 
bea'-he- and th»rir relation to the "Id riutlet of the great 
lakef^. Thf great^-r part **f the time, however, was spent in 
<^ar*'hing for high l^eafhe-. and panicularlv in an elf on to 
identify the highe-*t. The obsen-ations made then were after- 
wards published in detail.* 

In \<^T} the month of 0<'tMber was spent chiefly in the vi- 
ciniiv of North Bav and in the Ottawa vallev above the citv 
of Ottawa. It i-i the particTiIar ••bjwt of the present paper to 
pre-ieijt the re-ults of this later work. The observations are 
-omewhat -ca*ter#Hi. Imt when taken in cf»nnection with what 
has be»-n done bv others and with the writer's work of two 
year^i l^-fore it i* >>e]ieved that thev will not l>e without value. 
Th#- pa]»er is pre-ent#-d in twu parts, the tir^t relating to the 
hijrh«'r. iiltb-r -hor*- lin*-^, and th*- -second relating to the lower, 
ri«-w#-r lin*-*. in part lacustrine and associated with the aban- 
don »-d oiitU-t and in piirt to tho-^** of the <-on temporary marine 
wali-r- in tlit- Ottawa vallev. 

I. Shuke Lixe> at Hioh Levels. 

\'uf/t Jiiiu. Tilt- Nelson and M<*Ewen beaches on the hills 
tiv*- iijil#*s norlliea^i of North Hay were described in the pre- 

•^Hu.i. ('i*'*n. S'H-. .\iii.. \i\\. r>. iy,<H. Contains map uf old outlet and 
of jji.:Ji»T lM-aih»'s north nf North Bav. Alsi) .\m. Geol., vol. xiv, Nov., 
l"!'.*!. [.J.. -l^'l'Ki, with map. 
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vious paper.* They are both strongly and clearly developed. 
Another, called the Thibeault beach, on the hill about two 
and half miles north of North Bay was also described. The 
part seen there was only a short fragment and on revisiting 
the place last season it was found to be a weak feature and 
not well developed. The lands along the slope to the west- 
ward are better cleared now and although they present a 
rather irregular surface of drift and are in a very exposed 
place the beach was barely distinguishable upon them. From 
this I am rather inclined to doubt the propriety of classing 
this beach as one of the greater beaches to be used in corre- 
lations with other more strongly developed parts elsewhere. 
It is too weak and poorly defined to be safely used for that 
purpose. 

Going north from Thibeault's the road is mostly through 
the forest and no conspicuous evidence of submergence was 
noticed. Half a mile north of Thibeault's a short ridge in the 
woods resembles a spit at about 1,050 feet; but its origin is 
not certain. About four and a half miles from town Chippewa 
creek was crossed at about 990 feet. The high fresh cut bank 
showed sand mixed with white silt, but showed scarcely any 
evidences of stratification. Above this is a stretch of slightly 
rolling ground with sandy soil at about 1,100 feet. This sub- 
stantially corresponds with the level of the McEwen beach at 
about 1,095 feet (corrected). f This tract gradually rises to 
an ill-defined low blulf at about 1,130 feet and is probably 
the Nelson beach. From this rise a level plain extends about 
a mile through a maple forest to the house of Mr. McKenzie 
on the west side of the road six miles from North l^ny. The 
altitude at McKenzie's and for nearlv a mile south is about 



♦See first paper mentioned in preceding; footnote. The name **Nel80D 
beach" was never intended to have the wide application given it iu re- 
cent papers by Mr. Warren Upham, but was used merely as a locality- 
name for convenience. Being a well determined part of the ^'highest 
beach" in a situation where it cannot be attributed to small or locally 
restricted waters, it is plain that the Nelson beach is in reality merely 
a part of the Algonquin beach. 

tin the previous papers the altitude of the station at North Bay was 
supposed to be 658 feet above mean tide. The C. P. R. profile, obtaineii 
afterwards through the courtesy of the Geological Survey of Canada, 
makes it 662 feet. This correction, by adding four feet, should be made 
for all the points in the earlier paper that were measured from North 
Bay station. 
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t,,.. I,: .:]' .\u'\ :iK- a •iii.ili iiiiiphirln-arr-r. The toii«j:h ^^lay of 
t;,. -. j.« .- f'li'-kiy iiiM— »-il wirh b'.wid^-r-. The fmnt of the 
.i,\ ;.. .:! -:.'.A- psiijily riiar rii.- "lay hsi* been washed out. 
...1.;;,/ ?*,. -ii.r,.* liar*-. I'll'- ri-rrai'»- 1^ .')<» to rto feet wide. 
I i,. i'.ihI -r.'Hii 'i!' Th- tield iTn^i-t— a -iiiall stream and a small 
fl' ;i'.,i| il;»t ;if) III* l.'i t>Hf liivv.T rh;in the iipi>er bench. These 
}.rr. »'•<•- '.vrr»- 1 ' ilio'A <-cl ihrDiii^h the woods toward the south- 
,'.i.r aIkt'!-' • of tlitMii jin- more stn»ngly developed, and 
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the upper one was traced a short distance south of the road. 
The surface of the field above the upper bench shows no 
benches, but only a number of rain gullejs. From the top of 
the field, (at about 1,335 feet) the view over the valley showed 
that several hill tops two or three miles away formed a con- 
siderable protection againt the open sweep of waves from over 
lake Ni pissing. A level terrace line could be seen between two 
of these hills apparently at the same level as the benches just 
described. Half a mile farther east the road ends on a hill 
top. From this point one looks down on a hilly landscape of 
forest and field, the latter strewn with many large bowlders. 
In the road on the hill tf)p there is one 15 feet long, 12 feet 
wide and projecting 10 feet above the ground. The altitude 
is here about 1,405 feet. No sign of submergence was seen 
above the terraces described. 

Two miles north of Trout creek on the Pawassan road this 
beach was found again at about 1,220 feet. The position here 
is more exposed and the beach is correspondingly stronger in 
its development. It is a great curved spit of gravel about 400 
or 500 feet long. It is mostly on Mr. Weiler's land in the field 
which tilli^ the corner southeast of the cross roads. In the 
next lot east a gravelly hill of drift rises about 25 feet above 
the top of the spit. From the top of this hill lake Nipissing 
can be seen plainly. The waves had torn away the north side 
of this hill, making a sharp cut at the water line and leaving 
a very steep slope above. From this the gravel and sand were 
carried toward th<* southwest into shallow water and built 
into a wide spit which curves slightly southward. The soil 
on the spit is remarkably light. It is composed of fine gravel 
and sand, with a light loess- like material, and is very soft 
under foot. The hill was evidently a small island at the time 
of the beach. A mile to the east in a more protected j)lace 
the knobs of gneiss had apparently been washed bare of their 
thin coating of drift at about the same level. All the hill t(>])s 
for several miles around were islands. Somo of these ex- 
tended two or three miles farther northward. 

('ullender (C. P. /». ). From this place a drive was made 
out the Pawassan road to a hill some six miles south-south- 
east. For two or three miles, and up to about 250 tVrt above 
the station, the countrv surface is largelv silt and siltv clav 
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the road which descends northward through a steep ravine. 
It is stony, gravelly drift with considerable sand and much 
white silt. A quarter of a mile south of this lake the slope 
on the west was explored and a horizontal zone of bowlders 
apparently washed free of other materials was found at about 
1.010 feet. From the top of the hill 50 feet higher the sur- 
rounding hills were seen to have a similar mark on their 
steeper slopes. No other littoral forms were seen and it is 
uncertain whether this feature is in reality a shore line. 

The second trip was made from Mattawa to Hurdman's 
farm about 21 miles south. About three miles out and at an 
altitude of about 720 feet a ridge of gravel and cobbles was 
found running north and south and exposed over lower 
ground, both east and west. The southern part is level, but 
it drops off slightly towards its north end. This was not cer- 
tainly identified as a beach, but may prove to be such on closer 
examination. At this level there is an undulating plain two 
or three miles wide and much of it is covered with a thin sheet 
of whit« silt with some clay. It is water-laid, and in some 
sections four to five feet deep was seen to be free of sti^nes. 
It appeared generally to overlie stony drift, which outcrops at 
many places. In the drift itself the silt seemed to be the main 
fine ingredient mixed with the stones. It takes the place of 
clay largely in making up the ground moraine. The same 
character was frequently seen in other places in this region. 
As observed on this excursion, the upper limit of the water- 
laid silt appeared to be at about 800 feet. From Roscoe's, six 
miles out, the road to Hurdman's is over a very rough, rocky 
country, for the greater part consisting of bosses of gneiss 
with half buried ravines between. The drift covering is gen- 
erally rather thin, and almost the whole stretch is thickly 
covered with bowlders. The average is a good size, a foot or 
more in diameter with many much larger, mostly angular and 
nearly all of varieties of gneiss or granite. Two terraces of 
fine sandy gravel were found at about 1,060 and 1,100 feet. 
Both were in a somewhat protected position in an east-west 
valley and covered with dense undergrowth. It is doubtful 
whether either is a beach. Nothing else suggesting submer- 
gence or a shore line was seen. Hurdman's house is about 
1,320 feet above sea level while some of the knobs in the fields 
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near by rise to 1,400 feet or over. This is the top of the 
country and affords a grand view all around. One looks away 
east and south over the tops of many hills that rise almost to 
the same level, forming apparently an ancient peneplain. Be- 
tween the hills are deep valleys of ten wide, holding many lakes 
and streams that flow eastward with moderate descent. To- 
wards the northeast the hills of Quebec north of the Ottawa 
river were seen clearly. 

At Deux Rivieres, 22 miles east of Mattawa, another effort 
was made to find high shore lines. Almost the whole distance 
of eight miles south to Stony hill was over what are locally 
called ** the plains " but which proved to be a great area of 
kanies. This kame depK)sit is composed almost entirely of 
yellow sand too coarse to be blown by the wind. Deux Rivieres 
has an altitude of 520 feet above sea level (C. P. R. profile) 
and the limit of the sands was not reached on Stony hill at 
an altitude of about 1,210 feet. Upon this slope of over 700 
feet in something less than eight miles the deposit is spread 
in characteristic kame fashion. In some parts the knob-and- 
basin topography is well developed. Other parts are billowy 
end others more nearly a plain. There are also some high, 
rather irregular ridges. Some of the kettles are 50 to 75 feet 
deep. All that were seen were dry, but there are a few lakes 
in the larger basins. About six miles out the road passes in 
view of Green lake along its west side. This lake is perhaps 
half a mile long and nearly as wide and is approximately 450 
feet above the station (970 feet above sea level). In the cen- 
tral and lower part of the area the stony ground moraine sel- 
dom protrudes through the sand. But towards the south in 
the higher part of the area stony drift surfaces are common. 
The sand appeared to thin out in that direction and occurs 
there in patches. At an altitude of about 1,130 feet a distinct 
terrace about 300 to 400 feet wide was found facing north or 
slightly west of north. This shelf sloped from back to front 
ten or twelve feet and had a few bowlders scattered over its 
surface. The bluff at its back is high but not steep. The 
bench was followed to the east, where it fades away on a steeper 
slope, but no certain evidence of wave work was found — noth- 
ing resembling a beach ridge nor a spit nor did the bluff seem 
quite like one cut by wave action. It is not quite certain that 
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thi8 terrace is a beach although it 80 strongly resembles one. 
Above its level there is the same billowy surface of sand and 
close to the road at about 1,210 feet there is a small ste^-sided 
kettle about 15 feet deep. The sand as seen on this road ap- 
peared to be gathered more densely along three east- west belts, 
one low down, say 650 to 700 feet, another at 900 to 1,000 
along the north side of Green lake and apparently holding 
it up, and a third at the top of the hill, 1,100 to 1,200 feet. The 
middle one shows bowldery knobs that seem to mark it as a 
terminal moraine. About two miles southeast of Green lake 
is Windigo lake, said to be larger and at about the same alti- 
tude, and Windigo hill as high or higher than Stony hill. 
Their basins are probably of impervious drift or rock under- 
lying the sand. 

The area of the sand is said to have very definite limits on 
the east and west extending about two miles each way from 
the road. Southward it thins out, but is said to extend several 
miles beyond Stony hill. 

Nearly opposite Deux Rivieres the deep narrow valley of 
the Maganasippi river opens through the high plateau of 
Quebec, and it seems probable that the glacial drainage that 
formed the kame deposit was in some way related to that val- 
ley. The relation here is much like that desgribed by Prof. 
Fairchild between the large kame areas of western New York 
and the deep valleys which indent the south shore of lake 
Ontario.* 

Somewhat similar sand formations, but not so extensive 
nor, so far as seen, reaching to so high a level, were found at 
Bissett 12 miles and at Mackey 26 miles farther east. The 
knob-and-basin structure is not quite so prominent at either 
of these places, but at both there is a great rolling sand de- 
posit overlying the ground moraine. At Bissett it was follow- 
ed up to an altitude of about 800 feet above tide and at 
Mackey up to about 600 feet. At McKinnie's farm on the 
hiU south of Mackey the highest point reached was nearly 
800 feet, but above 600 feet the surface is of stony, gravelly 
clay. No trace of shore lines or sedimentation was seen on 
the upper slopes. At neither of these places, however, were 

* '* Kame Areas in Western New York Fouth of Irondequoit and 
Sodus Bays," by H. L. Fairchild, Jour, of Geo!, vol. iv, No. 2, 1896. 
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bights above 1,000 feet reacbed. Just opposite Maekej the 
valley of tbe river Du Moine opens towards the north just as 
does tHe Maganasippi at Deux Rivieres. At Bissett there is 
no valley opening exactly opp<isite. A small one opens from 
the north a few miles below, but at neither of these places 
did the relation of the sand area to the opposite valley seem 
so plain as at Deux Rivieres. 

Eastward from Deux Rivieres the railway passes by a back 
valley and rises to 827 feet at Aylen. This valley appears to 
have been swept bare of nearly everything but bowlders. 
Much the same appearance was presented by the region east 
of Mackey past Moor and Bass lakes where the railway again 
rises to about 700 feet. It is not improbable that these valleys 
were swept out by the outrushing waters of lake Algonquin 
when the ice front still blocked the course of the Ottawa which 
lies a few miles farther north. Perhaps the sand deposits at 
Bissett and Mackey were modified by the same cause. Per- 
haps they might otherwise have been typical kame areas like 
that at Deux Rivieres. 

The new observations near North Bay and those at Trout 
creek and Callender (C. P. R.) accord closely with what had 
been done before in that region. There can be no doubt of 
the recent presence of wide waters at high levels over lake 
Nipissing and the headwaters of the Mattawa river. At the 
five places seen in the Ottawa valley, however, no clear and 
certain evidence of high level submergence was found, except, 
perhaps, the thin silts and clays overlying the drift south of 
Mattawa up to about 800 feet. This limit for such a deposit 
would seem to imply a contemporary water surface at a still 
higher level, and it is more than probable that for a compara- 
lively brief period such an eastward extension actually 
existed. 

As related elsewhere, the results attained during the pre- 
ceding month on the north coast of lake Superior, showing 
that there were no straits northward to Hudson bav, seemed 
to leave little support for the marine hypothesis of the high- 
est beach in the northern part of the lake basins unless that 
hypothesis could be shown to be strongly reinforced by evi- 
dences from the region to the east of North Bay. The obser- 
vations in the Ottawa valley are too meager] to be taken as 
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final. But 80 far as they go they not only add nothing to the 
marine hypothesis, but the presence of the Deux Rivieres kame 
deposit, which appears to have been the latest noticeable 
phase of deposition at that place, suggests rather the hypoth- 
esis of a glacier dam. The absence of silt or clay overlying 
the sand on the lower part of the slope proves that the latter 
was not long submerged beneath still water after it was un- 
covered by the retreating ice. The Mattawa and Ottawa val- 
leys are troughs in the ancient peneplain of the region and 
they are comparatively narrow and deep. It is impossible to 
deny that if a great sheet of land ice moved over this region 
from the north or north-northeast, as the stride indicate, 
there may have been a short period when the ice blocked the 
Ottawa valley by filling it up for some distance east of Deux 
Rivieres and resting its front against the southern highlands 
below that place. The valleys to the west and possibly also 
for a short distance north above Mattawa may have been 
temporarily open water. But this condition would last only 
a short time at most. Perhaps this supposition explains the 
absence of stronger shore lines and the general absence of 
still-water sediments at high levels north and east of Mat^ 
tawa, and it may be that the faint, doubtful shore lines and 
the thin silts south of Mattawa are in reality the remains of 
such short-lived still waters. The great valley of the river 
Du Moine reaching far to the north offers an appropriate 
channel, both as to position and direction with reference to 
ice-motion, for a great lobe or tongue of ice that may have 
formed a dam below Deux Rivieres. About two miles east of 
Mackey stria* were found running S. 20° and 25° W. (mag.). 
A little north of Mattawa on the west side of the river they 
bear nearly south (the direction here was not measured by 
compass). One and a half miles northwest of North Bay fine 
specimens of stria? were found close to the railway track and 
the predominant direction of the stronger ones is about S. 18° 
W., with a few running 5^ to 10° east of south. No stria* 
were seen at the other places named. It is perhaps a signifi- 
cant fact that the scoured valleys east of Deux Rivieres and 
Mackey are just where the front of the Du Moine glacier 
would be at one stage of its retreat. These ideas, however. 
are not offered as conclusions which can be clearl}'^ affirmed 
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on the facts now at hand, but merely as suggestions which 
are indicated by these facts and which may be profitably 
borne in mind in future investigations. 

One other point deserves mention in this connection. From 
Huntsville to South river the Algonquin beach rises at the 
rate of nearly six feet per mile.* Then from South river to 
Trout creek it appears to be about level. But from Trout 
creek to Nelson's, five miles northeast of North Bay, the beach 
descends northward about 76 feet in 33 miles. The Callender 
(C. P. R.) observation also shows the same northward de- 
scent. If the fainter form? found in the Ottawa valley are 
accepted as continuations of this same shore line, as they may 
be. then they too show northward descent and apparently a 
slight eastward descent also. It might be thought that the 
northward descent from Trout creek to Nelson's is not in re- 
ality a measure of the deformation of the Algonquin plane, 
but that the beaches at the two places are not the same. This 
is of course a possibility. But at each locality, at South 
river, Trout creek, Callender (C. P. R.) and near North Bay 
in 1893 and again in 1895. the greatest care was taken to de- 
termine the upper limit of submergence and the result was 
clear and satisfactory in each case. Callender (C. P. R.) is 
about 18 miles east of a straight line drawn from Trout creek 
to Nelson's. The northward component of distance from 
Trout creek to Callender is about 21 miles and from Callen- 
der to Nelson's about 12 miles. The altitudes of the beaches 
are. 1,220 feet at Trout creek, 1,170 al Callender and 1,145 at 
Nelson's. Thus the northward descent from Trout creek to 
Callender is nearly two and a half feet per mile while that 
from Callender to Nelson's is a little over two feet per mile. 
This allows nothing for a possible east-west deformation af- 
fecting Callender. 

The beaches at these three localities are so situated that it 
can hardly be supposed that one was made and abandoned 
before another was begun. And the clear definition of each 
as the highest shore line adds much strength to the supposition 
of their unity as one beach. 

♦Am. Geol., vol. XIV, Nov., 18^. 
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Wherever the hills were ascended in the region east and 
northeast of Georgian bay it became at once apparent that 
their even tops were the remains of an ancient peneplain. 
From the hills south of Callender (C. P. R.) Mt. Talon, 15 or 
20 miles to the north and beyond the Mattawa valley, was 
seen rising high above the general plain as a fine monadnock. 
No other so prominent was noticed in this region. In the 
highlands south of the Mattawa the Algonquin beach marks 
a water level that entered the deep valleys between, the hills 
and extended far into the interior. On the north side of the 
Mattawa not only is the beach depressed, but the peneplain 
seems to show a corresponding^ depression also. In short, the 
descent of the Algonquin beach northward from Trout creek 
appears to be due to deformation since the beach was made, 
and it seems probable, therefore, as previously stated,* that 
there are post-Algonquin faults between Trout creek, or 
rather between South river, or Sundridge and Nelson's. And 
this deformation appears to have been finished before the be- 
ginning of the Nipissing beach. 

The upheavals which tilted and warped the plane of the 
Algonquin beach before the formation of the Nipissing beach 
have been called the Algonquin uplifts.f Whether these occur- 
red after, or part of them during the making of the Algonquin 
beach is a very complex question, which is full of importance 
in its bearing on the lake history and the history of the Nia- 
gara gorge. There is much reason to believe that the Simcoe 
region, including the Trent valley outlet, was raised during 
the life of lake Algonquin and before the breaking of the ice 
dam in the Ottawa valley. Sharp warping occurs in the region 
east and northeast of Georgian bay, but it apparently dies 
out towards the southwest so that the St. Clair river and the 
south end of lake Huron were only slightly aifected. If the 
Mattawa-Ottawa region was uplifted before the ice-dam broke 
it would follow that the surface of the lake in the region near 
the dam was not up to the level of the highest beaches at the 
time of the break, and hence that the whole lake was not 
lowered over 500 feet when the dam broke, as it must have 
been the case if that event occurred before all the uplifts. In 

♦Am. Jour. Sci. vol. xlix. April 1895, footnote on page 258. 
tThe Inland Ekiucator, Terra Houte, Ind., vol. 2, No. 4, p. 222, May 
1806. 
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the latter caj»e the surface of the lake must have fallen from 
its place at present lake level at Port Huron, 'Mich., iir Saginaw 
bay, and at Two Rivers, Wis., to a level 500 feet lower or to 
within 80 feet of present sea level. Then there had to inter- 
vene time enough for about 500 feet of uplifts in the Mattawa- 
Ottawa region before the Nipissing beach could have begun 
to be formed. We cannot say positively that this was or was 
not the course of events. It is a possible alternative. But it 
seems much more likely, and it apparently agrees better with 
the Niagara gorge, to suppose that the major part of the 
Algonquin uplifts occurred during the life of lake Algonquin 
and hence before the breaking away of the ice dam in the 
Ottawa valley. In this case when the break came the level of 
the lake at North Bay was not very much above the pass and 
the fall to the pass and to the level of the Nl pissing beach was 
not great. But we do not know whether the change was 
directly to the Nipissing beach, the uplifts ceasing then alto- 
gether, or whether there may not have been some slight up- 
lifting at North Bay after the fall to the level of the pass. 

The whole subject of the Algonquin uplifts and their rela- 
tions to the lake history is extremely complex. While a large 
number of data have been gathered which bear on the questions 
involved, probably many more will be needed before any de- 
cisive conclusion can be reached. But injustice to the subject 
and to those who have been most closely connected with its 
study it should be said that the data even now on hand have 
not yet been fully worked over. An account of submergence 
phenomena observed at lower levels in the Mattawa and 
Ottawa valleys will be given in another paper. 



THE ORIGIN OF THE WIND GAP. 

By Fred H. Wright, Oberlin, Ohio. 
(Plat<^ III.) 

In the eastern part of Pennsylvania, on the boundary be- 
tween Monroe and Northampton counties, the outcrop of Me- 
dina sandstfjne which forms, as elsewhere, the even crest of 
Blue or Kittatinny mountain, is cut by the Wind gap. Below 
the hard capping of sandstone lie the softer strata of Hudson 
-River shales and Utica slates. Descending the northern slope 
of the mountain you pass from the Medina sandstone to the 
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Clinton shales and then to the Lower Helderberg limestone. 
Aquanchicola creek, flowing west, and Cherry creek, flowing 
east, follow along near the border between the limestone and 
the shale. North of the limestone you And the Oriskany 
sandstone, and then the Corniferous limestone, which, how- 
ever, runs out before reaching the Lehigh river. South of the 
mountain you pass from the Medina and Oneida sandstones 
to the Hudson River shales and Utica slates. 

"The summit level [of the Wind gap] at the center pgint 
of the bottom of the notch has an elevation of 978 ft. A. T. 
The crest of the mountain rises about 600 ft. higher. Meas- 
ured at the crest line of the mountain the width of the gap 
is about three-fourths of a mile. The side slopes are beauti- 
fully rounded and curved downwards and pretty steep, so that 
the floor of the notch is about one-eighth of a mile wide."* 
The slope to the south of the gap is much steeper than that 
to the north. A little stream rises on the north slope of the 
mountain east of the Wind gap and flows westward to Aquan- 
chicola creek ; but no stream runs through the gap. Never- 
theless the general appearance of the notch is such that one 
cannot help believing that at some time a stream ran over 
Blue mountain at this point and cut the gap. Also in exca- 
vating for a railroad through here they found, at a depth of 
twelve feet, waterworn pebbles, which indicate the former 
existence of a stream. f But, as it is quite probable that this 
gap furnished an outlet to the south for the water from the 
melting ice during the later part of the Glacial period, this 
may account for the waterworn pebbles. However, there 
seems to be no evidence that either the ice-sheet or changes of 
drainage caused by it Imd anything to do with the formation 
of the Wind gap. This cut must have been made long ante- 
rior to the Glacial period by some stream that flowed over the 
mountain at this place before the existing topography had 
been assumed, as is evident from the fact that there is no 
trace of the old channel north or south of the gap, and that 
the land slopes quite rapidly down on both sides from it. The 
present paper relates to the question, What has become of 
this river? 

*Penn. Geol. Survey, G<>, p. 6.3. 
tPenn. Geol. Survey, G6, p. a3. 
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When the Lehigh and Delaware rivers were just beginning 
to cut their water gaps, probably a stream, smaller than 
either of them, was cutting down the Wind gap. But the 
Lehigh and Delaware rivers, being larger, had an advantage 
over the Wind Gap river in that they could lower their chan- 
nels through the mountain more rapidly. When these two 
rivers had cut through the hard Medina sandstone and come 
into the softer Hudson River shales and Utica slat^, they 
beg|n lowering their beds at a greater rate; while the Wind 
Gap river was still slowly working away at the hard Medina 
sandstone. The relations of the outcrops of these formations 
are shown by figure 1. 




Fio. 1. Section alonK the line AA (plate III), showing »ucceMiTe outcrops of strata, 
nambered acoordiiu; to the PennsylTania Oeoloffical Sanrey. 

Ill, Hodaoa Rirer ghale>« and Utica tdatetf. I Y, Medina sandstone and Oneida con- 
ftlomerate. V, Clinton red shale. VI, Lower HelderberK. VII, Cauda-^aUi ^t and 
Oriskany sandstone. VIII, Chemans, Genesee, Hamilton, MarceUos shaks and Cor- 
niferoas limestone. IX, Catskill red sandstone. X, Pooono sandstone. 

P. M.. Pocono mountain. R M., Blue mountain. W. R., Wire Ridire, capped by 
Catskill sandstone. P. Tr., Pohopoco creek. A. Cr., Aquanchicola creek. 

The Lehigh and Delaware rivers, north of the Blue moun- 
tain, were at the baselevel of the bottoms of their gaps, as is 
shown by the broad valleys which extend down to the gaps 
and there suddenly contract only to widen out below. As the 
rivers lowered their beds at the gaps, the valleys of softer 
rock on the north would lower at nearly the same rate, thus 
giving increased activity to the tributaries which were cut- 
ting back toward the Wind Gap river. Since its bed was on 
a higher level, eventually the tributaries of either the Dela- 
ware or I^high tapped it and drew off all its water. Thus it 
can readily be seen how this gap was cut so long ago that 
there is now nothing left except the general form of the notch 
to tell of the former river. 

Yet there are some other indications that point out the 
j^eneral course of the ancient river as it flowed from the north 
to the gap. McMichael's creek has its source at a distance of 
about twelve miles northwest from the Wind gap: it rises 
farther north than any of the tributaries of Pohopoco creek, 
which- flows west into the Lehigh river: and it flows in a 
southerly direction toward the Wind gap for some six miles 
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and then turns suddenly east. Of course so much time has 
elapsed since the existence of this river that we should not 
look for many distinct signs of the old channel ; yet we may 
expect some indications as to its former course in the stream 
which rohbed the Wind gap of its water. That the upper 
portion of McMichaeFs creek is a part of the Wind Gap river 
seems quite probable, when you consider that this is the creek 
which would have had the best chance, among all the streams 
of this district, to cut back to the line of the old Wind gap 
drainage. 

If, as is altogether probable, the relative sizes of the Lehigh 
and Delaware rivers and their tributaries have been approxi- 
mately the same during their history, it is clear that the trib- 
utaries of the Delaware would cut back to the Wind gap river 
first, since it is larger than the Lehigh and also nearer to the 
Wind gap. Thus, although the difficulties of tracing the 
course of an abandoned preglacial stream in the glaciated re- 
gion are very great, indications all seem to point to McMich- 
ael's creek as the thief which, long before the Ice age, robbed 
the Wind gap of its eroding stream. That the drainage has 
been somewhat changed by the glacial deposits must be ad- 
mitted. But, with Blue mountain to the south, higher land 
to the north and the divide between the Lehigh and Delaware 
rivers to the west, there must have been, during the history of 
the Delaware, a preglacial stream flowing nearly in the pres- 
ent course of McMichaePs creek. 
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Supposed Prk-Taconic Organisms. 
The outlook for the detection of organic remains in Archean 
rocks is not encouraging. Since the passing of Eozoon, albeit 
with a vigorous kick, there seems to have been a panic among 
the spectral organisms of the crystallines. The Archean 
sponge described by Matthew turns out to be an effect of 
crystallization, other so-called fossils from the Canadian Ar- 
chean seem to be largely subjective organisms, and now the 
radiolarians and sponges, the announcement of whose pres- 
ence in the crystalline rocks of Brittany elicited wide-spread 
interest, after an analysis by Rauff are claimed to be (the ra- 
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dio]ar]an8 probably and the sponge spicules at any rat^) only 
mineral aggregates. So it has become evident that the deter- 
minations of the paleontologist in this field will no longer pass 
muster until reviewed by the petrographer. 

Of another sort than these claimed and discredited evi- 
dences of life are the supposed annelid trails on theHuronian 
iron ores of Iron Mountain, Mich., recently described in Sci-^ 
ence by W. S. Gresley and the probable organic origin of some 
of which has received the endorsement of such excellent pale- 
ontologists as Dr. Walcott and Mr. Schuchert. The petrogra- 
pher has not yet had his say in regard to these things, and 
though the rock specimens may show no structural characters 
which will serve to either affirm or deny the organic origin of 
these impressions, they will not be admitted as a demonstra- 
tion of Archean life without a many-sided scrutiny; the 
more, as all other similar claims seem to be so rapidly crumb- 
ling, and since the Taconic and Archean ores occur in close 
proximity in the region mentioned. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 

Die Lamellihranchiaten den rheiniachen Devon, mit Ausscfdvas der 
Avicididen. By L. Becshalsen. Pp. 1-514, pis. 1-38, 1895. (Abhandl. 
der Konigl. Preuss. geolog. Landeranst., Heft 17.) While the author 
of this fine work was engaged, some twelve years ago, upon the investi- 
gation of the fauna of the Spiriferen -sands tein of the Hartz mountains, 
the paucity of knowledge of the lamellibranchs in the Grerman Devo- 
nian, notwithstanding a wealth of material in collections, made itself bo 
apparent that the influences of the land survey were directly thereafter 
interested to bring about a thorough study of these fossils. The scope 
of the work at first contemplated only the lamellibranchs of the lower 
Devonian, then, according to the author's prefatory statement, it was 
broadened to cover the species of the entire German Devonian and the 
work 8(3 divided that one part of it was assigned to Dr. F. Freeh, the 
other groups to Beushausen. Freeh's monograph, covering all the 
Aviculidae of these rocks, was published in 1891. That on the remain- 
ing groups became so extensive an undertaking that the author has felt 
the necessity of restricting it to the species of the Rhineland and West- 
phalia. The 'U5 8[K»cie8 here dealt with are a sufficient evidence of this 
neccFsity. 

One feature of this work is so distinctly novel as to invite remark. It 
contains no phylogenies, no family trees, no schemes of classification. 
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Let who will make these, here are the facta, says the preface and 
nothing is clearer throughout the contents of the book than that its 
writer is dealing precisely and cautiously with facts alone. Either the 
author has not. or believes he has not, found the key to nature^s method 
of producing? lamellibranchs. Some critics might say that here is a fine 
opportunity missed for excursions in these fields. 

So significant are the results of this work to the large number of stu- 
dents of paleozoic faunas that a somewhat extended notice of them is 
justified. The paleontological part opens with the systematic descrip- 
tion of species and genera. 

Family Mytilidse. Modiola Lamarck. The author considers the De- 
vonian existence of this genus as proven, two described species posses- 
sing not only the typical form but also a small anterior adductor close 
beneath the beak, a curved, narrow, unthickened, toothless hinge and 
a linear marginal groove. It is possible that some of the American 
shells now referred to Modiomotphn will prove congeneric with these. 

Family Modiolopsidae. Modiomorpha Hall. The hinge structure of 
this genus is more fully elaborated than was done by Hall. The latter 
made out a single tooth in the left valve and a corresponding socket in 
the right valve. It is found that the left valve may have a tooth on 
either side of the median socket, one or both being absent on some spe- 
cies. Hall also made out the ligamental groove as external, but this is 
here stated to be a flattened surface so strongly striated as to suggest 
lateral teeth. 

Nyasaa, Hall. Though nothing new is added to the generic structure, 
the type species N, arguta^ the common form of the genus from the 
Hamilton group of New York, is regarded a synonym for Saiiguinolaria 
(iV.) dorsata Goldfuss. To us, however, the specific difference seems 
well defined. 

Dolabra, McCoy. This genus, referred with doubt to the aviculoids, 
still remains imperfectly known, no clue to the hinge structure being 
yet obtained. 

Family Arcidae. Macrodusy Lycett., (emended spelling). Without 
adding any new structural details, attention is called to the variation in 
size of the triangular ligament area, which is small in all these middle 
Devonian species but often becomes of greater extent in Carboniferous 
forms of the genus. 

Family Nuculidae. Nucula, Lamarck. Fifteen species of small, sub- 
triangular, characteristically Devonian shells are described, and it is 
shown that Neumayr's genus Myoplusia, introduced for some of Bar- 
rande^s "Nuculas" and based upon the presence of accessory muscular 
scars, is not to be distinguished in this respect from either Nucula or 
Ctenodonta, 

Nuculana, Link. This name is preferred to the term Leda, Schum., 
more commonly employed but said to be preoccupied. The 7 species 
described show the arcoid teeth, median ligamental groove as in Nu- 
cttla, the pallial sinus and the contracted outline peculiar to the genus. 
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9iM\. It in fftimm tbiit vftiii«r tti» nlM^ki c toaEiib ad ^ KiU in IB#T a» 
Tt^iimfrntftt ^Kwn*^ tmr (Tl«Hrty iivteaci a» to bmnpp^ 9imettin^« the term 
Cf^rmdnnln, ^srhirh \^fibi hetUir rk^tneci. ronar <9l8Bd for j p gi!iM vhiciL 
H»vp' pmmmti c nir r wit uofi^r oim^ or amytfasr of xt» tfarggnMunegfiMwi t innBti 
iuui nuicpp from rfa«^ OrrloTienni to th» l^-tas. Whiie ftiMtiny no bafl» (if 
^Btn»riv riuptiortion ammiK tlMssp^ formau BsuabanflBfi HCiil neoaf|iiifle» Xhtt 
^ihgfpnfrir vaiii^ of PrUammmlo and (srtaan ttiier remiBi tim* C&pii«#- 
>innta < npntnctvd) inciudps up K ciaa with a (iitmkL ahailow. obflcuze nniiB 
<)trff^ti>d tnwarri thi*^ v^pntrai mars^ tine (.TmceBtric iKXEiptuzR. TVp»» 
^\ nmmtn Rail. PaUBrmtnini smam^^iii^eted tnartt p u at B ti m iy. stronger 
^nd makinir a cUminet ftmanytnatfam of tiie psflterior «id||»: fine oon- 
«?*mtrTc aBuiptUTP, often with dimni^ tAim. e miiL rtibb l^fp»• C ^^Nruiwiit 
(fail. Kiieiwnin Bmn^; the donia afau^y (i^ned by racfial adgm.. 
lVp#^, ^^ /a»it, A. Roem. r^ifMtrneiMifwt^. oor.; imtmor pnrtum of aheU 
larcpnr than pnntmor. IVpe. C f*o»lmrfa. Saitsr. Prrmnkfpihtm^ nov^ 
flhf^l bii{hly inerimiateraL abmptty narmwiwi in front, behind opnatl? 
widen#vi. ^Vp^ ^'- /^»^'>^ Goldf. .\il of theee sobf^snera. are cepve- 
<wmtjp<d in the '^ app piea here lefeiied to rtenvdonta. The gmns in 
w^mewhat leee pmli&r in the Vomican Devonian and in repfesenfiBci by 
oniy the flmt two and poiiHiiy the third of theflv^ aohipenera. 

CturtUUtiln. McCoy. Thia term i» preferred to ynrtUit^^ Conrad loidpr 
by 10 year»t. from an obipetiun to Che ^tymokiify of the latter. Studi a 
reaaon riKDmiiaiy enforced would throw out from aomenciatnre.. Go the 
ffPfwrski inconvenience, maasy uaefoi and Ionic estabiiahed oamesw 
Amonif the <iynonym» of thiei^enna i» piacfxi the Germ Ditiehdnu Sand- 
henp^. which waa introduced fbr a amail aheil havini^ two davicieay one 
poifterif>r. The author ref^arda thia a onifbrm occurrence in the yoomr 
of f:tunill^lln. 

fj^dnpnist, Beua. .Vnother nucmioid genua with aubtrianiEuiar ontlioe 
iuvi two radial ridi^ea^ one anterior, tine posterior departinic from the- 
heak. Though reprRaented in the German Devonian it has doC be«i 
recofpiiied in American feionae. 

Family Trii^niidie, Myophoruu Bronn. The author ibilows Freeh 
in wifvrrrn^ to thia genua the Devonian ahelia which writers g e n s fa ily 
have embraced under Kini^s genus SefUzutin*. Wlthont attempCBi^ to 
establish fiubgeneric differences, which in the opinion of the r eview e r 
exist, the author includes his IBapecriesin four eon ventional j c r oupsv two 
of them jwii^gested by Neumayr. 

Family Astartida*. Cgrprienrfb^Qa. Hall. In the shells of thia ^enos 
yarioosly christened Mfemdtm. Etydrm, and MinrfjdomfUa* the aothor 
note!* the presence of a frunt aecv^nd tooth in both valves^ and adds that 
these are for the most part faintly developed in Devonian species while 
in Carbrmiferrms 5ifkectes they-feecome very pmmment. 

Family Crassatellidse. Cni»3iatt'lhpp9ut, oov. This genus ia baaed 
pr,r\ the jupetries C. Hanfrht^rtymei, fn>m the Cobleoz beds* The valves 
h*ear a rbstrnct [lunule in front of the beaks and the eseneral aspect of 
the :«hell is that r*f Astarte. The left valve bears a stroot^ tooth, the 



Review of Recent Geological Literature, 127 

right has a weak fore tooth and a strong hind tooth ; there are no 
accessory teeth. The ligament is internal, lies on a thickened platform 
behind the teeth ; pallial line entire. 

Family Carditidse. Prosocoelun, Keferstein. This is a genus known 
as yet only in the lower Devonian of the Hartz and the Rhineland. 
The shells are thick, often large, strongly convex and with a hinge 
strongly suggesting that of the recent Venericardia, The geuus Trip- 
leura Sandb., is regarded a synonym. 

To the family Cardiniidse is referred with doubt a new genus Cary- 
dium, represented by two species from the lower Devonian. These are 
characterized by a very remarkable hinge structure. The left valve 
possesses a thickened hinge- plate, bearing two strong submarginal 
grooves. The right valve has two ridges which fit into these grooves. 
Both grooves and ridges are crenulated. 

Family Megalodontidae. Megalodus^ Sowerby. Of this peculiarly 
Devonian genus, the author makes out the structure of the hinge to be 
as follows : a central tooth ; in the left valve a conical fore and a ridged 
hind lateral tooth, in the right valve a very strong fore, a weak and 
often wanting hind tooth and a ridged lateral tooth. But one species is 
described and that has commonly been known as M, cucullatus, but 
the earlier name M, abbreviatus Schloth is preferred ; M. adolfi Clarke, 
from the Hartz is regarded a synonym. 

Family Lucinidse. Paracyclasy Hall. 7 species. 

Family Cyprinidae. Cypricardinia^ Hall. 7 species. 

Mecynodus^ Keferstein. These shells,like Ooniophora in exterior but 
with strongly developed hinge and lateral teeth, are not known in the 
New York Devonian, though Whiteaves has referred a Canadian shell 
thereto with doubt. 

Ooniophora, Phillips. The external resemblance to Mecynodus natur- 
ally induces an association with that genus notwithstanding what 
appear to be profound differences in the structure of the hinge. The 
author does not follow Hall in associating these shells with Modiomor- 
pha but is disposed to regard them as cyprinids of degenerate hinge- 
structure. 

Sphenotu8, Hall. To this genus is referred a single species. 

Family Solenopsidse. Solenopttis, McCoy. Of this genus of elongate, 
tapering shells three species are described, one of them being identified 
with Whiteaves* Modiomorpha aUenuata, from the Devonian of Mani- 
toba. Except for this species the genus is not known in the American 
Devonian. 

Family Solenidse. Palaeosolen, Hall. These long ensiform shells, 
with subparallel margins and gaping anterior extremities, heretofore 
known only by the single American species P. siliqtundea Hall, are re- 
presented by 4 species. 

Family Grammysiidse. Orammysia, de Verneuil. This genus is much 
more closely restricted than it was by Hall, and is applied to shells 
showing more or less distinct evidence of the transverse cincture. Hall's 
diagnosis embraced many forms similar to those here referred to Lepto- 



dnrnuit and AU^riJifma, Tlurre«ni species are dnwuib cdy aesiiy <iil from 
th^ \ciV9f^ [Vvoaiaii, a strikinK contraot t» the Amencan. occnrTencp of 
imeh rypirai forms, which ari^ a4iiiio«t ezciiut¥eij fkxxB. middle ivr apper 
Devonian faxnuui. 

All^ri»mn, SXtu^ emended apeilmi^. This aCill remaiiis a aomewhat 
Mntmtiaf9ct(yry recepfaeie for speexee vrhooe true reiatiom will be better 
understood when the typicai Pprmiaa apeciaa of the ge&iis ahail have 
been more folly invgrtigated ^th more abundant matenai the author 
mnat have more keenly ap|veciatad the very alight iDt«Tai between 
amne of these aheils. mtA as A, mUntteri and A^ prUeum ( which are 
embraced within Sallys coseepttkm of Grammggia), and the true 
Grammysias. 

LfptndfymiM, 3€cCoy. This was an iil-defined grans aid it is not quite 
clear rbat the author'? originai intention is fbUowed in referrinf^ tu it 
sheils of the type dl Gi' iumm§» ia roiutrieta^ G, commwnin and G. itmiatn 
Hail. The disCiDCtioa between these many fimrms called (^rmnmymtu 
AlUrinma and Lepto^iofmuM is not particnlariy eiueidatPfi by the employ 
ment of diverse terms in p r e ft?r e t i ce to the practice of Hall to include ail 
under the term Gramw^a* 

PhtyladtiUu HalL Etepresented by a aingieapec^a. P. pen^Hntu from 
the lower Devonian. 

Carriinmorpka, de IToninrk. The author's concepticm of this genus 
would include within it again certain fbrms embraced in BBall'^a concep- 
tion of Grw^myma* such as those constituting his division obMoleta. 

E^inumtHfU de Koninck. L ap. 

Ginn9iteny Hall. I ap. 

FhtJumuu Hail. I doubtful ap. 

Family Solenomiddae. Janeitu King. This heretofbre little known 
genus is emended as to include aheila having the aspect of recent StUt 
nofnya with oarrow. extNided anterior extremity, straight. tootiileaB 
hinge and internal ligament. Aa present constituted it will cover many 
Devonian and later species whose generic traits lack distinctive em- 
phasie. 

Family Antipleuridae. Dutiliruu Barr. A doubtful ap. 

Sihtrimu Barr. 1 ap. 

Family Cardioiida. Prmearriinm. Barr. It is claimed that, in accord- 
ance with Neumayr'a «>baervation. this genus is edentuiate. There is a 
trianunilar ar*»a beneath the beaks, the incer man^n of which is crenu- 
lated r»y the f^mis of radial ridgelets. Th»f species are all upper Devo- 
nian Ai^ in Xew York, rind the rare fiirm, P. "p'tn,Ht?im, Hall, is identified 
arirh KajiVtT'A Car'iioUi P.i nehiit*nt*nsi.H. 

k»>'inin. Barr. The reo^sifnized difference between the^e forms and 
t\M'*9f vvhn^h naw r,een rpfr*rred to F^teilii F'inenkti\ is in the promi- 
nen«»^ ^f -r^rtPiin <-A the ra*iiai ribe. There seems to be no evidence of 
Twvi^^ ..r -f ^'t.*^ -ivit oariina: area chaxucterizinif most of the Cardiolidae. 

f'uf.ht f-'U^nk'i . Barr. *? sp. Li^wer— iower upper Devonian. 

Kntf,fj.!4><inn, Ha... This is for the tiret time and with undoubted 
cr>rrr»( tnese piaceil with the paiaeijoinchs. The only species is IT. Bey - 
ri^hi »f the .r^wer upper Dev«>nian. 
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Tiaraconcha^ Freeh. (Slava^ Barr.) The recognition of Freeh's 
term proposed as a substitute for Barrande-s mueh more euphonious 
name Slava is without justification. Only to a German is the name 
barbarous because of its tchechish origin. These are inflated shells, 
hingeless and with an obscurely defined cardinal area. The early parts 
of the shell are concentrically marked but in later growth a radial 
plication is assumed. 3 sp. middle and upper Devonian. 

Buchfola, Barr. {Olyptocardiay Hall.) Here is a really first success- 
ful attempt to resolve the great mass of material everywhere known in 
the Devonian as Cardiola retrostriata into minor divisions or "species." 
The undertaking is a praiseworthy one as it helps to a better under- 
standing of the relation of widely distributed variations of form. The 
author designates 17 species all adhering pretty closely to the type of 
Cardinla reirostuata, and these are distributed from the lower to the 
upper Devonian. It is not likely that this type in New York though 
abundant and having a similar range is susceptible of so narrow 
division. The hinge- structure has been unknown and the sentence 
** Inneres unbekannt " is still passed upon it. [The writer's prepara- 
tions of Portage specimens of B, speciosa show a linear hinge-line which 
is somewhat elevated, and finely denticulate, the inner part apparently 
raiped above the outer from which it is separated by a clear line, this 
line having the aspect of the margin of a very narrow subapical area]. 
OpisthocceluH nov., includes Cardiola-like species with sharply defined 
concave area behind the beak and a triangular ligament area. Lower 
u pper- Devon ian . 

Cardiola, Broderip. This genus is left as a sort of catch-all for palas- 
oconchs whose hinge structure is not understood. Nothing new is as- 
certained with reference to the structure of the type species. The 18 
species here referred to the genus are certainly heterogeneous, as shown, 
if in no other way, by the affinity of some to certain New York intu- 
mescens zone forms whose critical structure is known to render them 
quite distinct from Cardiola. 

LunuHcardiuniy Mflnster. A great service toward bringing order out 
of the chaotic mass of species commonly referred to this genus has 
been rendered by the close restriction of this term. It may be objected 
that the writer here, as elsewhere at times, has not been sufficiently cau- 
tious about determining the characters of the genus from the type species 
and in the absence of a specified type from the first described species. 
The first species of Lnnulicardium is L. semistriatum, pretty clearly 
defined and figured. Whether this is congeneric with Beushausen's 
conception is difficult to say. MUnster seems to have erred in one di- 
rection, in referring to the broad posterior vertical flattening of the 
valve as a lunule, hence speaking of it as anterior, but Beushausen 
construes this a posterior ligament area and finds a true lunule on the 
other side of the beak. As now restricted the shells are subcircular, 
without dehiscence and radially plicate, and represented here by only a 
single species. 

C/wEnocardtoto, Holzapfel. This is one of the genera set off from 
Lunulicardium. It is emended by the author to include equivalve. 
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radially lined shells, without lunale, gaping in front, with beaks bent 
backward, the cliff being very long. The shells have the aspect of 
Hemicardium and were so termed by Barrande. Six species are de- 
scribed from the middle and apper Devonian. 

ProchanmcL, nov. Another groap of Lunulieardium-toTmB in which 
the outline is elongate, the anterior cleft in the valves transects the 
beak, is shorter and more oblique than in Chctnoeardiola. The surface 
of the valves is generally without radial ornament. The 10 species de- 
scribed are from the upper Devonian. 

Family Ck>nocardiidse. Conoaxrdiopsis^ nov. Introduced for a single 

species (C lyelli d'Arch. and de Vem. Middle Devonian) in which the 

posterior slope is carried out into a short open tube and, on the anterior 

Ylope the valves gape. It is regarded a passage form from Lunuli- 

cardium to Conocardium. 
Conocardium^ Bronn. 13 species. 
In a chapter on the '^Systematik '* of these fosrils, some interesting 

points are brought forward, those pertaining to the value of Neumayr's 
general divisions being suggestive. Neumayr proposed as one of his 
ordinal terms, Palseoconchae, for a group of thin shelled, toothless 
species in which were included a number of familief>, the Cardiolidae, 
PrsBcardiidse, Lumulicardiidae, Antipleuridae, etc., etc. These shellfi are 
highly developed in the Silurian and lower Devonian faunas of the 
Bohemian basin and Neumayr 's observations were largely derived from 
their occurrence there. They constitute a peculiarly interesting, if 
heterogeneous group and are all in need of closer study than their great 
delicacy of structure has yet permitted them to receive. They are 
abundantly represented in the lower upper Devonian of New York. 
Neumayr held this order to be primitive and the points of departure of 
those more highly differentiated. Numerous arguments have been 
brought forward against this view, the entire group being actually of 
comparatively late paleozoic age, undoubtedly occurring in some meas- 
ure in the upper Ordovician of certain localities, but nevertheless re- 
maining an emphatically Devonian association. The taxodonts are 
much more ancient and Jackson has demonstrated their primitive char- 
acter from a study of the mode of development in these shells. Though 
it is now difficult to understand the precise relation of these ''palseo- 
conchs** to other recognized orders of the lamellibranehs, it would seem 
that the author more nearly approaches the truth in his suggestion that 
they are of an obstructed and reverted type. The name is here formally 
rejected, both on account of its being a misnomer and because of its 
incongruity as an ordinal term. In its place, to embrace three of its best 
known families, the Cardiolidse, the Lunucardiidse and the Conocardii- 
dae, is introduced the new ordinal term Cardioconchae. 

Two closing chapters of this work are entitled *'The geological distri- 
bution of the bivalves in the Rhenieh Devonian and their significance 
in stratigraphy,'' and "The relations of the bivalve fauoa to the facies 
development of the Rhenish Devonian." In the latter chapter many 
interesting facts pertaining to ba thy metric distribution are brought out, 

one of which is that the palaeoconchs are largely if not exclusively deep 
sea forms. ^ j. m. c. 
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CORRESPONDENCE. 

Note on a recent review on tabulate corals. The **review** of 
my recent work on the Alcyonarian (Tabulate) corals, that appears in 
the July number of the American Geologist (p. 37), contains some 
^suggestions that might be worthy of further discussion were they not 
accompanied by others which indicate that they are not scientifically 
intended. A reviewer may be pardoned for his inability, but this one 
pays disrespects to the veracity, not only of the author but also of those 
who approved his thesis. For example compare the following quota- 
tions: *'The aim of my work consists, first of all, in establishing the 
significance of the characters that one observes in the Tabulata: to this 
«nd it has been necessary to study numerous species to the smallest de- 
tail, even by aid of thin sections prepared by myself; * * * * so 
far as possible I have investigated all facts anew from the specimens. ^^ 

The above quotation is from the article reviewed; the following is the 
reviewer's statement: **Not only not performing investigations himself, 
but not even taking advantage of investigations already made, whether 
in the field of zoology or paleontology, he pursues a theoretic course in^ 
dependent of facts of supreme importance ready to his handt'** The 
review contains several such inaccuracies. It is of course not necessary 
to take further cognizance of them. 

Mr. Girty is the author of some apparently very accurate investiga- 
tionson the genus Favosites.^^X ^i^ publication was issued several weeks 
before my thesis on the corals was sent to press, but a copy of it came 
to hand too late for recognition. The facts therein presented would 
else have been eagerly added to my own results, since they supple- 
mented mine perfectly. His theories, on the other hand, are directly 
opposed to mine on the subject of the relation of Auhpora to Favosites. 
It is, however, unkind in him to assert that my theories were formula^ 
ted from other sources than from original investigation. 

Minneapolis^ July 22, 1896. P. W. Sardeson. 

The Plains Permian. In his **Classifi cation of the Upper Palaeozoic 
Bocks of Central Kansas'* (Journal of Geology, vol. in, nos. 6 and 7), 
Prof. Prosser applied the name Marion (first) to the ^^Marion fiint and 
concretionary limestone," a member of the Chase formation, and (sec- 
ond) to the ^'Marion formation,'' a body of limestones, gypsumS and 
shales outcropping above the Chase. 

In my recent article, **The Permian System in Kansas" (Colorado 
College Studies, vi), I have pointed out the unity of the Marion forma- 
tion with the lower or greater salt measures of Kansas and have applied 
to the formation, in this wider purview, the name Geuda. Under the 

*"Dor Zweck meiner Arbeit beuteht in erster Linie.darin die Bedeutuni? der Merk- 
male, die man bei dem Tabulaten beobachtet, festzustellen ; hierzu waf es nOthi^, 
sahh^iche Arten bis ins kleinste Detail binein, auch rait Hdlfe solbstan^fertiflrter 
DCtnnschliffe su studiren; ♦ ♦ * * soweit als mOerlich babe ich alle An^abeu an 
Examplaren nacbuntersucbt. and dies war durcnaus nAtbi^.'* Neues Jahrb. Bella'- 
ireband X, p. 255, line 15. 

tAMERiCAN Qeolooist. vol . 18, p. 38, line 40. 

;Amebican Gbolooibt, vol. xv, p. 131. 



|L#«¥«v^ <l^'h^ *>bMrt 

'hil^ ^ti^'^ ^iti> iiu<<f»iMm^4i]stiidtii|:«id3n.aisteifiivr«<dt9^ ite^ gRuntm <9Vi»r 



(^itm%\tii .^uxnitwi H^^^tasiBi: anHsrihzFS ^L. WM. lUHzii SL»t i&t 1866^ 
lUt^i^ :m\vf^ t^uuii ti ^ixr id^»ir 3^ ibtidi id Jazmn^ D. Daiia^ 

'^liiv^ii itrt 0^-««r>K. -lotti ^^^^^^iBii 'iiif Hi^t- wj^c%, rt^ a nucaaai^ engineer. 

^i*H»*Ki ^(T'*i^.*<»**»%irMiia^ -t^ niotfini^^^^ir ioifl ^^-li^^jr jts Strasbourg. 
-^-i^-rt^ \^ ,**tut»uii»*«fi aii'^>ff«t- otkaiai a^anniLiT vtmrK. la 1^1 lie sue- 
<v>iH<Ut^ <<':'^»?TiiiiirW M¥ 5iff^yd*!W<':e 'O^" ^ttittgr nm niW XamraJ History 
]D0!U^»^y:U) ii:i< f*Mrx-¥^ usud IkaK? iif- i•i1r.kJI>^ m |Mno»fessor in the 

V^i»*»v.' ''4 3liii»*«-^ fr-CiJiu mtor^ ant l*i*-L ht w«iin«l with the title 

•^'Jl ;^*r;ij ''jff it3* il-OJSti^ Kfe wjL* Atv-^-flifid tK]» t3>f- pro««eution of 
.^f^^^^-a ■;.*"%« J.. p^T*^'*^! aiid ia»*?^aji2i5-ML! <ixp>eriiiiest$^ whereby he 
*"V.;f'A-i.. i»';>»(b ^iZiZjlMT «Ta.«iesf. V" azasiaiie in the laboratory 
•♦V.*'.'. T f,*! t;lL»* pit^siiOiii^TiM «c»f 3^1-iir*-- Lc^t wa# thrown by his 
*>^j^**»'V:^ 'yj^i^yii rari-ou* <T3bJetr3;f. wh^^h ia an ^exceptional way 
^^^y]^ '^..■^•L-^i7i^t'j--9Zj: *ucb a?^ tbe ir^rjsin •••f mineral veins, the 
\/'^*;u^!^ M^jfi djnaiaic laelainArpiQi^ni <»f rc-cks, and the nature 
*^..C *^;f*i.fj'^ of meleorit*^-" 

1%^ rr^^th^^d- and results of ihe^^e rvsearches, originally 
J. .', ,*^.w| in njanv short papers, were gathered in 1879 to form 



'•' t- 



^^fj^-fr tr^ratisKr entitled ^'Etudes synihetiques de Geologie 
1^,i ;^.r,'iu*rnVA\f''' The next year Daubree received from the 
</*•'/; '/jri"^i S/K'iety of London the Wollaston Medal, very ap- 
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propriately awarded during the presidency of Sorby, the dis- 
tinguished English experimental geologist. Another most 
valuable work by Daubree, entitled "Eaux Souterraines," in 
three volumes, was published in 1887. 

During his later years, with leisure and well merited hon- 
ors, Daubree took great interest in public affairs and much 
enjoyed the society of his friends, among whom two other oc- 
togenarians, Damour and Des Cloiseaux, shared with him the 
distinction of being the veterans of science in the capital of 
France. w. u. 

Joseph Prestwich: born March 12, 1812; died June 23, 1896. 

Prestwich was born at Pensbury, Clapham, near London. 
After two years at school in Paris, his education was com- 
pleted in the then new University College, London, where he 
evinced strong preference and ability for chemistry and the 
natural sciences. He was led by circumstances, however, to a 
life of business, in which he was closely engaged, although 
also continually pursuing geologic investigations, till he 
reached the age of sixty years.- His business engagements 
required him to travel much throughout Great Britain and in 
France and Belgium, giving him frequent opportunities for 
geologic field studies and collection of fossils in the most in- 
teresting localities, and for acquiring personal acquaintance 
with the most prominent naturalists and geologists. In 
France these included Deshayes, D'Orbigny, Lartet, De Ver- 
neuil, Daubree, Gaudry, and others, with whom lifelong 
friendships were thus begun. 

So early as 1831-82 Prestwich devoted his holidays to a 
thorough examination of the coal field of Coalbrook Dale, and 
his memoir on that area was published in two parts, in 1834 
and 1836, in the Transactions of the Geological Society of 
London, with paleontological notes by his friend. Prof. Mor- 
ris. This work was followed, ten years later, by a series of 
papers in the Quarterly Journal of the same society, on the 
strata of the London and Hampshire Tertiary basins, by 
which Prestwich took his place in the front rank of British 
geolojrists. In 1849 the Geological Society awarded to him 
the Wollaston Medal for these researches. 

In 1859 Prestwich visited the valley of the Somme, in 
France, confirming the remarkable discoveries of Boucher de 
Perthes and convincing his own countrymen, Sir John Evans, 
Godwin-Austen, and other geologists, that some of the flints 
there found are implements of human workmanship and in 
undisturbed gravels of great antiquity. In recognition of the 
importance of this work, and of other papers on the erosion 
and drift terraces of valleys in southern England, he received 
in 1865 a medal of the Royal Society. The opposition of the- 
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illogical and other prejudicee^ wbich stood in the way of ac- 
ceptance of the evidence of man's geologic antiquity, can 
scarcely be understood at the present time, though less than 
forty years have passed since those now forgotten controver- 
sies. 

Having retired from business in 1872, Prestwich was ap- 
pointed in 1874 as the successor of Prof. John PhiHips in the 
professorship of geology at Oxford, where he taught until 
1888. He was president of the Geological Society in 1870-72 ; 
vice-president of the Royal Society, 1870-71 ; and president 
of the International Congress of Geologists at its London 
session in September, 1888. On January 1st of the present 
year knighthood was conferred upon him by the Queen. The 
first volume of his text- book of geology was issued in 1886 : 
and the second, containing an excellent geological map of 
Europe, in 1888. Three years later "he took up the defence 
of the rough flint implements found by Harrison on the chalk 
downs of Kent, a discovery almost as memorable as that of 
the implements in the gravels of the Somme/' In other stud- 
ies Prestwich wrote very fully of the "-head" or ^''rubble drift'^ 
of England and Wales, France, and the Mediterranean region^ 
as noted, with criticism, in the Amebicau Geologist for ApriU 
1894 (vol. XIII, pp. 275-279). 

From a biographical sketch by Dr. Henry Woodward in the 
Geological Magazine for June, 1893, with a portrait, we learn 
that, since Prof . Prestwich's retirement from the Oxford chair^ 
he has mostly resided at his country seat, Darent Hulme, 
Shoreham, Kent, a charming house built to his own taste some 
twenty-five or thirty years ago, full of quaint geological pic- 
tures, and even in its architecture illustrating geology at ev- 
ery turn. There he divided his time between his garden and 
his library, "always in association with Mrs. Prectwich, his 
ever-constant companion and most enthusiastic scientific 
friend, adviser, and co-worker." w. u. 
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THE SO-CALLED SOCORRO TRIPOLI. 

C. L. Herrick, Granville, O. 
(Plates IV and V.) 

In several localitiee in the United States there are known 
beds of what is called tripoli or ** American tripoli." Notable 
among these are deposits at Seneca, Newton county, in south- 
western Missouri. According to O. H. Hovey* the Newton 
deposit is known to underly between eighty and one hundred 
acres, in an elliptical area, with a thickness of from ten to 
twenty-five feet. It is everywhere underlaid by stitf red clay, 
seams of which penetrate the tripoli in various directions. 
Attention is called to this bed because it, like the bed under 
consideration, is not a true tripoli, i. e., it is not an infusorial 
or diatomaceous earth, but of mechanical or chemical origin. 
It is also interesting on account of certain conflicting theo- 
ries as to its origin. Thus Hovey concludes that the tripoli 
is derived from the flint or rather the chert of the country 
rock — a cherty lower Carboniferous limestone — by some pro- 
cess of decomposition which has left behind a very fine grained 
porous material. No details of the process of such decompo- 
sition have been suggested so far as known to the writer. 

The tripoli has been analyzed by W. H. Seamon, now direc- 
tor of the School of Mines at Socorro, with the following 
results: 



♦Scientific American Suppl., June 28, 1894. 
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SiOg 98.10 per cent. 

AI2O3 0.24 ** ** 

FaPgandFeO 0.27 »* " 

CaO 0.184 ** ** 

Na-p 0.23 ** " 

The organic matter is not over .008%. Professor Seamon 
suggests a dilferent origin for this substance, viz. that it is 
produced by the exhaustion of the so-called " tallow clays" of 
this region. These clays ^ere described by professor Seamon 
in an article in the American Journal of Science of January, 
1890, under the title " Zinciferous Clays of S. E. Missouri 
and a Theory as to the Growth of the Calamine of that Sec- 
tion." In connection with these beds Mr. Seamon has found 
decomposition products of a siliceous character greatly re- 
sembling the tripoli beds. The writer has been able to make 
a comparative microscopic examination of the various sub- 
stances referred to through the kindness of director Seamon. 
The tripoli itself is a granular aggregate with the average 
grain less than .01 mm. in diameter, though there is an ad- 
mixture of larger particles. The grains are irregular in form 
but are apparently crystalline rather than amorphous (in the 
absence of polariser this may be left an open question). A 
Hpecimen of the decomposed chert, such as would be essential- 
ly* identical with the tripoli upon the hypothesis advanced by 
Mr. Hovey, has a very different texture and seems to be a very 
unevenly sorted amorphous powder. While not denying that 
by a sorting under water this decomposed chert might give 
rlrto to beds like those in question, it yet is not easy to see how 
Hucii deposits could occur under the conditions here prevail- 
ing. 

On the other hand, a specimen of exhausted tallow clay 
taken from one of these beds, under the microscope, is almost 
liuiinjinguishable from the tripoli. Passing now to the bed 
t»r Ho-called tripoli in Socorro county, New Mexico, we have a 
drpoHlt of a very different nature and one for which we must 
apparently seek a very different origin. This deposit occurs 
on the oast side of the Rio Grande, nearly opposite the town 
of San Antonio. The immediate valley of the river, varying 
In width from six to twelve miles, is filled with stratified flu- 
vial deposits of sand, clay and gravel and the materials are, 
of course, such as may be derived from the adjacent forma- 
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tions. The greatly preponderating portion is of igneous rock, 
such as trachyte, rhyolite, andesite, basalt, etc. The hills on 
the east side of the river in this vicinity are, however, com- 
posed of stratified rocks of Carboniferous age, including some 
600 to 700 feet of sandstone and dolomitic limestone with 
some interbedded gypsum and anhydride. At the foot of this 
exposure, and nearer the river, is an eruptive dyke not yet 
studied. There is everywhere evidence of volcanic displace- 
ment. On the western side of the river is a very interesting 
series of moniliform eruptions along a subordinate axis, giv- 
ing rise to flows of andesite, trachyte, rhyolite and a great 
variety of con tactual varieties, now being studied. Among 
these flows in the special region under discussion, there is a 
notable absence of the glassy and vescicular phases of vulcan- 
ism. There are no less than six craters or cores within a few 
miles of this locality, mostly of a distinctly acid nature, the 
most basic flow observed being an augite-andesite, and this 
only at the base of a trachyte core. Yet in only one instance 
have we encountered a glassy lava of the acid series. This 
obsidian is rather remarkable in itself and is of a creamy whi:e 
color with few microscopic inclusions and remarkably free 
from microlites. It tends to be scoriacious and exhibits 
beautiful flowage structure. An analysis made by Mr. Leo 
Suppan of the Socorro School of Mines is as follows: (Num- 
ber 146 Socorro series, south end of the Socorro mountains.) 

SiO., 72.052 per cent. 

Al.p", 10.812 »» 

MgO" 1.124 *• 

CaO 9.6 " •* 

Fe Trace. 

Alkalies Not dotermiDed. 

This occurrence and the high percentage of silica of the 
scoria is suggestive in explaining the **tripolr" deposit to 
which we now pass. This area is evidently a minor basin 
within the fluviatile sands. The depression cannot have been 
very extensive or deep and must have been at least tempora- 
rily connected with the river waters or a lagoon. The upper 
stratum in the adjoining terranes is a loose pebbly crag re- 
posing on sand and clay beds of undoubted fluviatile origin. 
Within the basin, which may originally have been half a mile 
in diameter, the ordinary crag is replaced by a very peculiar 
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into the former — such, no doubt, as form the earthy portions 
of the scoria-erag. 

It may be not^d that many samples of the scoria have mi- 
nute microscopic crystals which polarize highly and have the 
optical properties of quartz and sanidin respectively, other- 
wise the siliceous lamellae are isotropous in both "tripoli" and 
scoria. 

Beneath the "tripoli" is a bed of yellowish synd, with irreg- 
ular layers of tough reddish clay ; still below this is a very 
fine grained stratum of yellowish "tripoli" which, while evi- 
dently less pure, is mechanically better suited to serve as a 
fine abrasive than the relatively coarse upper layer. Its 
composition, according to the analyses made by Mr. Gormley, 

is as follows : 

SiOg 79.41G 

AI2O3 1.391 

Fe203 6.245 

CaO 2.43 

MgO 1.485 

Volatile 6.06 

97.04 
The silica content is here only a little higher than in some 

acid glasses, but the evidence shows that this composition is 
due to foreign admixture. 

As to the method of formation we are shut up to a narrow 
range of possibilities. It may be assumed that a local basin, 
at a comparatively late period in the history of the valley and 
during an interval of subsidence of its waters, was filled by 
debris from a scoria bed. At this time the river erosion may 
have exposed and attacked such a flow as that first above de- 
scribed, and either transported the floating scoria to the rela- 
tively quiet eddy where they triturated each other until the 
tripoli was formed or else the debris of such triturated materi- 
al was swept into the quiet retreat. In any event, with the 
filling of the basin the fl(>tsam of scoria finally was stranded 
in the superficial layers forming the scoria-crag as we now 
find it. The extent of the beds has been but roughly esti- 
mated at from 300 to 400 feet in east and west diameter, and 
eight to ten times as great in north and south extension. A 
large portion has been eroded and washed away by periods of 

high water, although it is now far above reach of the river 
action. 
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The beds will ultimately have some economic importance as 
abrandantfl or filters. Probably by grinding between burrs 
and sorting by a cetrifugal a good quantity of polishing pow- 
der could he obtained, though lacking in the *' tooth " of gen- 
uine " tripoli." For filtration and absorbents the material is 
admirably suited. The relative freedom from iron and impur- 
ities is a very important element. 

Geologically the occurrence is especially interesting, as the 
material in this form seems to be unique. 

For specimens and information respecting these beds the 
writer is indebted to Mr. Geo. H. Thwaitesof Socorro, and for 
laboratory facilities and the included analyses to professor 
W. A Seamon, director of the New Mexican school of mines. 
EXPUVNATION OF PLATES IV AND V. 

Platk IV. General view in the Rio Grande valley looking north. The 
**tripoli** beds in the foreground. Three ranges appear in the distance 
on the opposite or west side of the river. They are the following, pass- 
ing from left to right: The Socorro mountains, the Limitar range, the 
Ladronnes. 

Pr.ATE V. Nearer view of the "tripoli" showing the upper scoria-crag 
and middle '*'tripoli'* deposits. 

tographed by J. E. Smith, of Socorro. 



PALiCONTOLOGY AND THE BIOGENETIC LAW.* 

By Kabl vov Zrrnci.. 

Palffiontology has long since ceased to place itself exclusive- 
ly at the service of geology as the study of characteristic fos- 
sils. It has gradually grown into an independent branch of 
the biological sciences, and claims a share in all their move- 
ments and tendencies. The conclusive establishment of the 
doctrine of descent has evoked the most powerful revolution 
in descriptive natural history, influencing and transforming 
its whole method of research. No large palaeontological work 
of to-day contents itself with the description of new forms, 
the r'omparif^on of them with those already known, and the 
arranjjement of them in svs^tematic order. To determine the 
g(*nerir' relationsHhips, the ancestry, the modification, and the 
further development, in short, the race-history or phylogeny 
of thf organisms under consideration, is now regarded as es- 
sential, by many indeed as the chief end of palaeontology. 

♦A paper read before the International Congress of Geologists, 1894. 
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As Darwin forcibly insisted, the doctrine of descent depends 
in no small degree on paheontological facts. Thus, the great 
similarity of the fossils occuringin strata immediately super- 
posed one on another, e. g., the brachiopods, ammonites, and 
other molluscs, had made it difficult for geologists to deter- 
mine the age of sedimentary rocks. In recent years a great 
number of closely-allied species have been traced through 
several superposed beds, stages or divisions of formations, 
their exact morphological relationships have been studied in 
the most careful manner, and thus the probability at least has 
been established, that we are here dealing with a genealogical 
sequence of blood- relations. To be sure these do not as a rule 
form complete chains, wherein mutation is linked with muta- 
tion and species with species. They are rather discontinuous 
series, of which all the members change in a definite direction 
and obviously form steps in a line of development, which 
culminates in the last extinct or still-existing representatives. 
Among the better-known series of forms I will only refer to a 
few. The succession of genera, which leads from Jlyracother- 
ium — perhaps, indeed, from the ftve-toed Phenacodus — through 
Paloplotherium^ Anchilophus^ Anchitheri\im^ and Hipparion^ 
to the single- toed horse, forms one of the most quoted and 
most beautiful examples of phylogenetic development. No 
less complete a series is presented by the genealogical tree of 
the camels, which already appear during the Eocene in North 
America, spread there in the Miocene and Pliocene, and then 
first emigrate to the old world. The pigs, also, and the Oreo- 
dontidte, Anoplotheriidte, Tragulidte, and the ruminants 
studied in so masterly a manner by Riitimeyer, afford us more 
or less complete genealogical series, beside which may be 
ranged the crocodiles among reptiles, the Amioidei and Phy- 
sostomi among fishes. If we glance over these phylogenetic 
series, we observe that the final terms are almost always dis- 
tinguished from their predecessors by a more pronounced 
and distinctive differentiation ; and since we are accustomed 
to assign a higher rank to a specialised organism in which 
every function is performed by u special arrangement, 
than to a creature which performs its functions with few and 
less complicated parts, phylogenetic development, as a rule, 
-mplies also progression and perfection. For the existence of 
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the chain of forms alrpudy mentioned, to which many others 
may he added, there is only one rational explanation, namely, 
that the variouH links in them have arisen one from another, 
and are connected hy hjood-relationship. Moreover, the simi- 
larity of the faunas and floras which are nearest to one another 
in i^eolofrical afre. as well as the geographical distribution of 
extinct and still existing plants and animals, can only he sat- 
isfactorily explained on the assumption of descent. 

But, although an abundance of paheontological facts can 
be cited in the most convincing manner in favor of the theory 
of descent, on the other hand we must not forget that we 
know no point of origin for numerous independently arising 
creatures, and that the connection between the larger divisions 
of the animal and vegetable kingdoms is by no means so inti- 
mate as the theory especially postulates. The jubilation 
with which the discovery of Art!hfi*opttirt/y was greeted at the 
time shows at best that links had previously been wanting 
between two classes which among vertebrates undoubtedly 
exhibited the closest relationships. Further, Arr/ttpopttfrf/x 
fills the gap between birds and reptiles only in a very imper- 
fect manner, and atfords no indication of the point at which 
the former have brancheti from the latter. It mav. indeed, 
be maintained that we find ourselve^i to-day in greater uncer- 
tainty as to the origin of birds than we were twenty- five years 
ago, when Huxley's brilliant researches on the pelvis of the 
r>ino"^{niria seemetl to have fr)iind the bridge between the two 
classes. Links hetw**en the Amphibia an*! Reptilia are aNo 
still wanting. Perhap*^ they are to be found among the varied 
Theromorplia. hut a?^ y«-t pahr^ontology cannot determine the 
phylogpn^'tic modification of the amphibian intc) the reptilian 
type. No zoologi:-t will d^ny that the Mammalia hold an en- 
tin*ly i-olated p<wition. -separated by a widi' gulf from birds, 
ref)tiU-n, aniphibi;in> and fishes: wliile among all known mam- 
mals it i-i not Monir old fM*<-;il jTHnu-*, hut the duck-bill, still 
livirii' in 'J'asmania, which mo-^t rr-minds ont* of the more lowlv 
oriranizcd vert^-bratH-i. ( ♦•rtainlv wr still know too little about 
til'" •k»-U-tori <if tliH M^'>«»zoir mammaU, and especially the 
Allorhcria, for tjs ti» form a final opinion on this point. But 
thf^ warmest adherents of the theory of descent must at all 
events admit that extinct links between the different classes 
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and orders of the vegetable and animal kingdoms are forth- 
coming only in a small and ever-diminishing number. 

Nevertheless, in the larger groups we know numerous series 
of forms, which not only bear witness to the great plasticity 
and adaptibility of their members, but also in their chrono- 
logical order indicate the line along which modification has 
taken place in course of time. To be sure, much uncertainty 
and the personal equation of the authors attach to those 
genealogical trees that are based entirely on the morphologi- 
cal compariscm and determination of the chronological se- 
quence of the forms met with. "It is easy to accumulate 
probabilities, hard to make out some particular case in such a 
way that it will stand rigorous criticism," was Huxley's 
caution so long ago as the year 1870, in his classic address to 
the Geological Society of London; and one of the most spirit- 
ed veterans in the field of mammalian palaeontology decides in 
his last exhaustive monograph on the fauna of Egerkingen, 
that the creaking and crackling of leaves and branches already 
decayed does not encourage one to set foot in the hastily- 
explored forests of phylogenetic trees. None the less does the 
tracing of the hidden bonds of relationship exercise a fasci- 
nating charm over every investigator. All of us, indeed, are 
convinced that the mutual relationships of the extinct and 
still-living members of any large group of organisms may be 
represented, not in the form of an entangled network, but in 
that of a much branched tree. 

In addition to the above facts there is still another series of 
phenomena which confirms the genetic connection of the palne- 
ontological chains of forms, and this was first observed, 
strangely enough, by one of the most distinguished opponents 
of the theory of descent. Louis Agassiz certainly regarded 
the fossil embryonic types as creative attempts which pro- 
phetically foreshadowed genera that appeared later with more 
mature characters. Fossil creatures with persistent youthful 
and even embryonic characters could not fail also to be no- 
ticed by the adherents of the theory of descent, but were 
regarded as favoring a view which recurred in very different 
forms in the philosophical literature of the first decades of 
this century and which has lately been precisely formulated 
by our great German zoologist, Ernst Haeckel, under the name 
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The ontogeny of organisms now living would, for the rest, 
afford but an exceedingly unsafe basis for the reconstruction 
of ancient faunas and floras, since experience teaches that 
the biogenetic law is frequently veiled or completely obscured 
owing to various causes. Not seldom does it happen that of 
two nearly allied living forms the one passes through a series 
of continuous, successive stages, while development in the 
other takes place more by jumps. In the latter case the em- 
bryo is driven by peculiar influences to an acceleration of its 
development; it completely jumps over certain stages and 
thus renders unintelligible the historical (palingenetic) record 
preserved in the ontogeny of each individual. This falsifica- 
tion of development— or coenogenesis, as Haeckel calls it — 
chiefly occurs when the adult individual manifests a high de- 
gree of differentiation and when the embryo has to pass 
through considerable changes to reach its final form. How 
unsafe and deceptive paleeontological results would be if at- 
tained by embryological paths may be gathered from some 
random instances. What wonderful ancestors would be con- 
structed for the crinoids by a zoologist who only knew the 
life-history of Antedon ! The lowest portion of the family 
tree would have to present armless crowns, composed only of 
five basal and five oral plates, set on a stalk ; then would 
follow genera with five large basals, five tiny radials and five 
stout massive orals ; then forms with five arms, at first short 
and later on simply branched ; and so on. But I will not 
further elaborate the picture. All know that it does not in the 
remotest manner agree with the facts of palaeontology. What 
zoologist would conclude from the developmental history of 
the recent sea-urchins that the regular forms preceded the ir- 
regular, or again that the former had fossil ancestors of the 
type of the Perischoechinidee and Bothriocidaridaj? In the 
ontogeny of the coelenterates there is no certain indication of 
the former existence of Cyathophyllidje or Cystiphyllidae. No 
observations of embryology would warrant our imagining the 
former existence of graptolites or stromatopores. No stage 
in the development of any living brachiopod informs us that 
numerous spire-bearing genera lived in Palaeozoic and Meso- 
zoic times. These few instances might easily be multiplied; 
but they may suffice to show how trivial are the discoveries 
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concerning existence in earlier periods of earth history that 
can follow from ontogenetic researches alone. 

A further, indeed the practical, reason why ontogeny bears 
so slight a relation to geology and paleontology, lies in the 
fact that the earlier stages of development, with which mod- 
ern embryology almost exclusively occupies itself, are not 
capable of preservation in the rocks, and that we can, there- 
fore, never expect to find their fossil archetypes. The changes 
which occur between the embryonic and the completed adult 
stages have, at least among vertebrates, not yet received the 
att-ention they deserve, and it is these very changes that are 
of special interest to the palaeontologist. 

In spite of these hindrances, fossil embryonic types are not 
entirely wanting, even among invertebrates. The palaeozoic 
Belinuridie are bewilderingly like the larva? of the living 
Lirnttlus; the Pentacrinoid-larva of Antedon is nearer many 
fossil crinoids than is the full-grown animal ; certain fossil 
sea-urchins permanently retain such features as linear am- 
bulacra and a pentagonal peristome, which characterize the 
young of their living allies ; among Pelecypoda, the stages of 
early youth of oysters and Pectinidje may be compared with 
palaeozoic Aviculidae. Among brachiopods, according to 
Beecher, the stages which living Terebratulidae pass through 
in the development of their arm-skeleton correspond with a 
number of fossil genera. Among completely distinct groups 
also, ontogenetic characters have been successfully traced. 
The beautiful researches of Hyatt, Wiirtenberger, and Branco 
have shown that all ammonites and ceratites pass through a 
goniatite-stage, and that the inner whorls of an ammonite 
constantly resembles, in form, ornament and suture-line, the 
adult condition of some previously existing genus or other. 

Series of forms whose successive links correspond with suc- 
cessive stages of development in tlieir youngest, still existing 
representatives are the only ones that still furnish us with an 
uncontestable picture of the path along which any given as- 
semblage has evolved. These are the kind of genealogical 
trees that form the worthy goal of paheontology. From them 
a natural svstem will arise of its own accord. But from this 
goal we are, unhappily, still far removed. As a rule, our pal- 
jeontological tre^s lack an ontogenetic foundation, and that 
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the foundation itself maybe constructed in an arbitrary man- 
ner is best shown by the unsatisfactor}^ condition of our am- 
monite-literature. 

The time, it seems to me, has not yet arrived for the thor- 
ough reform of zoological classification on a phylogenetic 
basis. Among Protozoa and Crjelenterata there are absolutely 
no satisfactory fixed points for the phyletic arrangement of 
the various groups. Among Echinodermata it is proved that 
the correspondence in embryonic development between Astero- 
zoa and Echinozoa is evidence of a common origin ; but the 
classification of the various classes is as yet aifected only to 
the smallest extent by the facts of ontogeny and phylogeny. 
The union of Bryozoa and Brachiopoda into a special phylum 
— the Molluscoidea, and their connection with the worms, de- 
pend entirely on embryological comparison : in their later 
development the two classes go so far apart that we can find 
no further parallel between them ; and although the beautiful 
researches of Beecher, Clark and Schuchert on the phylogeny 
and ontogeny of the Brachiopoda will furnish a sound foun- 
dation for a new and better classification of the class, the 
first adumbration thereof is still somewhat doubtful. On the 
other hand, researches on the development of the shell in Mol- 
lusca are, without doubt, full of promise. What results we 
have to expect in this field is shown by the labors of Jackson, 
Hyatt, and Branco, though it must be confessed they still af- 
ford no sufficient basis for a classification of the pelecypods 
and cephalopods. 

Palaeontology has made its deepest mark in the classification 
of the Vertebrata. Here we frequently come across firmly- 
rooted genealogical trees. Phylogenetic and ontogenetic facts 
have effected the removal of the order Solipedia and the nat- 
ural grouping of the ungulates. The discovery of the fossil 
Condylarthra and Creodontia has brought to light unlooked- 
for relationships between ungulates and carnivores. The re- 
markable fauna of the Puerco beds contains, according to 
Cope, almost completely inditlerent types, which cannot be 
considered either as true ungulates, beasts of prey, or rodents, 
nor can they even be regarded as typical Condylarthra, Creo- 
dontia, or Lemuria: scarcely can they be dovetailed into the 
framework even of a geological classification, since they show 
relationships in the most varied directions. 
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begin with those branches and twigs from our stems which 
are already more clearly differentiated and of which the ma- 
jority stretch down as far as the creation of our own day. 
Here again, then, we should be led to ground our classifica- 
tions on those organisms of which we were in a position to 
investigate not merely certain fossilisable elements, but the 
whole anatomy, physiology and embryology. 

The function of classification, however, is not only to ar- 
range organized beings according to their relationship, but 
also to facilitate our survey of life's infinite variety of form. 
It was to this intent that the older systematists constructed 
their various categories. They it is that have historic rights; 
and just as little as we geologists are inclined, without urgent 
need, to alter the historic conceptions and the divisions that 
have been handed down to us, just so little is it advisable to 
be incessantly remodelling the systems of botany and zoology. 
The doctrine of descent has, of course, violently shaken the 
solid framework of the older classification. The ideas — vari- 
ety, mutation, species, genus, family, order, etc. — have become 
indefinite and unstable; the boundaries between the syste- 
matic groups are constantly being displaced, and bonds are 
burst that were once tightly bound. An important part is 
played to-day by subjective opiniolis, and when I think of the 
anxiety with which we elders — we who received our scientific 
education before the Darwinian era — proceeded to found a 
new species or genus and compare it with the light-hearted 
manner in which to-day species, genera, families and orders 
are set up and again put down, I am herein most forcibly im- 
pressed by the difference between then and now. The domi- 
nation of the Linnaean and Cuvierian principles threatened 
systematic biology with soulless paralysis: the unbridled 
subjectivity of recent times may easily lead to anarchy. 
When, after investigating a certain number of forms, every 
author feels called upon to reform the classification and 
where possible to introduce a new terminology, then arises the 
danger that we shall lose our comprehensive survey of the 
richly varied organic world and that we shall use a language 
intelligible only to the most narrow specialists and repellant 
to every layman. 
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its bordering Narragansett bay. The studies here presented 
will appear in a less detailed account, and without the theo- 
retical considerations here given, in a forthcoming atlas folio 
descriptive of the Pleistocene deposits of the Narragansett 
Bay atlas sheet, the mapping of which was done under the 
direction of Prof. N. S. Shaler. It should be stated that while 
that geologist is in full accord with the author as to the na- 
ture of the deposits here discussed, the author alone is respon- 
sible for the views which are here set forth regarding the 
circumstances of the origin of the glacial sand-plains and 
their attendant deposits. 

The passenger by rail from Boston or Providence southward 
along the Shore Line cannot fail to notice a certain repetition 
in the landscapes observable from the car window. Going 
from north to south the views may be summarized as follows: 

1. Lowland or valley, from one to five miles wide, either 
boulder-strewn and marked by mounds of gravel and an occa- 
sional esker or occupied by sluggish streams and swamps, and 
terminated rather abruptly on the south by the next. 

2. A terrace or steep bank facing northerly, often hum- 
mocky or kame-like. The train plunges at once into a deep 
gravel or sand cut. From the edge of the terrace the sky- 
line of the cut gradually sinks to the southward and in a few 
minutes a view may be had out over the surface of the sand- 
plain. At a distance varying from a quarter of a mile to a 
mile this plain terminates in more or less well defined lobate 
spurs resting on ground of a variable nature, often boulder- 
strewn, but sinking usually at a short distance into a swamp^ 
and in general repeating all the features described under the 
first heading. 

An analysis of these sand-plains shows that they character- 
istically have the steep northern aspect with cusps or kames 
indicating the deposition of the materials along and against 
the margin of the ice-sheet. Along the line of extension in- 
dicated by this contact with a now-vanished ice-wall, there 
are usually found other sand-plains, the accumulations thus 
marked forming belts from a quarter to half a mile in width, 
roughly concentric to the outer moraines along the southern 
coast between point Judith and cape Cod. 
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district a re-entrant angle in the front of the great iee-sheet, 
the position of which embayment is further marked by inter- 
lobate moraines of a bouldery nature extending northward 
along the western side of the bay essentially as was suggested 
by Chamberlin several years ago. Furthermore, the fact that 
the land for three miles north of point Judith is composed of 
glacial drift, mostly a dense blue clay, exceptionally gravelly 
and interpolated with stratified gravels, and having a low 
knob and basin topography, indicates the southward |urning 
of the (Jharlestown moraine in this direction. 

THE SL0CC51VILLE STAGE. 

This stage of the ice-retreat is believed to be lat^r than that 
of the Charlestown moraine. It is marked by a moraine ter- 
race extending from the west of Wickford Junction south- 
eastwardly along the northern base of Congdon hill, rising 
from 150 to 160 feet above sea level and from 00 to 100 feet 
above the low ground of intraglacial* drift at its base. Fnmi 
this moraine terrace or ice-contact slope an apron of sand and 
gravel stretches southwestward by Slocumville on the Shore 
Line railroad beyond the limits of the Narragansett Bay sheet. 

Southeastward from Congdon hill, whore the ice-front rested 
against the crystalline escarpment of the western border of 
the Carboniferous basin, the moraine is not well defined. The 
road to the top ascends the crest of a short eskor. An isolated 
patch of water-worn sand and gravel, beset with large boul- 
ders, on the ridge back of Saunderstown, R. I., is probably of 
morainal origin and marks the continuation of this moraine, 
pjastward of this point it has not been found. It is probable 
that the stand of the ice-front along this line was due to the 
resistance offered by the wall of the Carboniferous boundary. 
East of Saunderstown there is an open valley southward to 
the sea, which would have permitted the southward extension 
of the ice-front or the deposition of washed drift without 
high lying terraces. 

♦Intraglacial (see Dana's Manual of Geology, fourth ed., 1895, p. 958) 
is here used for drift deposited in the field occHipied by th(^ ice, in con- 
tradistinction to extraglaciai drift which has come to rest on ground 
not actually covered by the ice when it was dopopited. According to 
Prof. Dana's use of this term, however, it would be 8vn<invmous with 
englaiciai, as Pn^f. Chamberlin designates the drift enclosi'd in the 
lower part of the ice-sheet. 



•• .L!i»^T""'rn Tmt*fft.%f. 



-»M»rr»ain»^ ..jHH 



"Tit: •"'•■Ir-'^KD -*':;— TA*. EL- . 

..ir.—' .'- ■ . .;i»i ""I'.r.ir't i lit- '•^•""iin.v'i'.t- -'j.i[^ f ^^- 

■r..trif''.--:-r-M- ■^uti.' -.i i -.iiiniiirziTiUi "::1 ii'-iin^L'? ""■ 'n**- 



— ■-.re. 



r' ... : i.:'_ .1-- , , i — ..i«i»-i. '1 '1- -....• I iA*i V'"^ ■■•-- .7.- 
• '.r-r • - . -ui.. ■.■■v-i-;i Kill - ;:-*i!-'.::i :'i:i .1- !:".*•». i^* ri:*r 

• . :. .- Hi..:. '•" .::.*>'.-• I i ■.. V'--*'- \'— i -- -. .--v-r-i *." iiC***^ 
' • • "1 ■ »'. ■ : : I..I. :: . i: . .. *'•- "■ i ::- • i.i :if :. t 

-■■ .•-- ■ t- ,..i ■.|i|4r»--fiif-.*.-.ntii- ."^ 

"■-■■ .". ■ II--. *«• 

. : ;-. «'».'** .**_^ - " \ -si-. 

•■ - i ..II: .-■..;'■-: -.1— ? J'"IVr:. "V.* J -re**-. ;. ."i ►-(•'?-.•' 1 1*-^ 
•. :■- =' "^.1- -.i'" iH'i . "- '-■.»-v-i[:'i: ;.-■- • 1.1 i*'-:-. lilt-* r ::i. 



The Ice-Sheet in Xarragansett Bay, — WooiUrorth , 155 

dicated on the original atlas sheet. The deposit appears to 
be a detrital cone built at the front of the ice by a supergla- 
cial or tunnel stream. The niorainal terraces about its north- 
ern slopes are marked and form a group of two. East of 
this deposit is another similar smaller deposit not so readily 
diagnosed. Eastward in this line a low morainal accumula- 
tion extends southeastward on the south side of Allen's Har- 
bor, probably the extension of this ice-front. 

THE POTOWOMUT STAGE. 

North of the preceding and skirting the southern or right 
bank of the Potowomut river is a series of sand-plains, with 
a distinct ice-contact or moraine topography, from the sum- 
mit-line of which the surface of the deposits slopes southward. 
The opposite or northern bank of the river is uniformly lower 
and moulded at various points in the form of the frontal or 
marginal topography of a later series of sand-plains, the 
(jreenwich Cove stage of this report. The estuary of Poto- 
womut river is simply the deeper submerged portion of the 
depression at the head of the frontal deposits of the Potowo- 
mut stage. The ice-front of this stage formed a loop north- 
ward around the till-covered upland just west of Allen's 
Harbor. At two points the Potowomut line of frontal accu- 
mulations is broken by streams flowing inward to the fosse or 
depression at its northern base. The Potowomut river flowing 
northward in a line with Greenwich cove, turns abruptly to 
the southeast as soon as it has passed through, and where it 
again turns to the northeast it receives another tributary also 
flowing to the north. The sand-plain between the two north- 
ward flowing streams is in large part boulder-strewn, as if by 
an advance of the ice-sheet after the completion of the sand- 
plain. The northward flow of the small streams toward the 
retreating ice-front is believed by the writer to be due to the 
occupation of this part of Xarragansett bay by standing 
ice. 

GREENWICH COVE STAGE. 

Greenwich cove is an elongated indentation of the coast- 
line to the southwest, the sides of which are typical ice-con- 
tacts, except where the undercutting of the slope by wave 
action has destroyed the original glacial topography. Between 
the ice-tongue which filled the cove and the hills on the west, 
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Carrying out the terminology familiar to everyone, the Poto- 
womut Band-plains form a penultimate series; and the Davis- 
ville cones are antepenultimate members in this series of 
regularly progressive retreatal deposits. 

OCCUPASSPATUXET COVE STAGE. 

The depression in which lie Occupasspatuxet cove, Spring 
Green pond, and the connecting stream, has a relatively steep- 
er and higher southern than northern bank. The contrast 
between the two slopes is greatest on the east in the cove, 
where the depression is widest. The southern bank marks 
the head of the Occupasspatuxet plain and stage of ice retreat. 
On the southern shore of Spring Green pond (a body of water 
retained by a dam on the line of the road), and at its eastern 
end, the bank, having here an east and west extension, is steep 
and comparatively smooth, being but slightly gullied or cus- 
pate. Between the highway and the railroad the bank becomes 
more cuspate; and, beyond the railroad, it turns gently to the 
south of east, and maintains this course to the shore of the 
bay. Throughout, the materials are, at least at the surface, 
rather fine sands with a few pebbles and rarely a cobble six 
inches in diaraater, and more rarely a fragment of sandstone 
over a foot in length. Evidently this bluif marks the contact 
with the margin of the ice at a time when sluggish streams 
were carrying to the front little or no coarse waste. Near 
the east end of Spring Green pond, a cut in the head of the 
sand-plain showed cross-bedded sands divergent upward to 
the south, indicating, probably, outwash from beneath the 
ice. In the fosse, just west of the railroad bridge, south of 
Spring Green station, a boulder upwards of eight feet in 
length forms a part of the glacial drift which came to rest 
upon the bottom when the ice between this and the next front- 
al stage melted out. Southward the sand-plain is level- 
topped. 

PASSEONKgUIS POND OR GASPEE POINT STAGE. 

This contact between the ice edge and its frontal deposits is 
marked by the depression known as the Passeonkquis pond, 
the cross-section of which shows a higher and steeper southern 
than northern bank. The south bank is as steep as the mate- 
rials will stand, while the northern bank exhibits the low, 
lobate aspect of a frontal sand-plain of later date. Inward 
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This line of retreat exhibits both phases of frontal deposit. 
A moraine occurs west of Pawtuxet station in the area delim- 
ited on the Providence atlas sheet by the 60 and SO feet con- 
tour lines. The surface is here cast into mounds and the 
material is till with surface boulders of conglomerate from 
ti\e to six feet in diameter. Surrounding the morainal accu- 
mulations proper are sand and gravel deposits, in the nature 
of overwash plains on the south and of sandy moraine ter- 
races on the north. 

Westward the southern bank of the river is clearly for the 
major portion of its extent and elevation a characteristic 
sand-plain head, with kames and elongated hollows, these last 
marking the site of irregular projecting tongues of the ragged 
edge of the ice-sheet. Even beyond the line of ccmtact with 
the main mass there are isolated hollows marking similar en- 
closed or buried remnants. Some of these depressions are 
drained by small brooks northward into the Pawtuxet. 

Where Elmwood avenue crosses the Pawtuxet river the 
head of the Pawtuxet plain and the frontal aspect of the next 
succeeding stage on the north are tolerably well contrasted. 
The Pawtuxet sand-plain is broken down into kames with 
here and there a distinct steep northward slope, all of which 
show (except at their base) no signs of the erosive action of 
the river, whose flood-plain is sharply marked topographically 
in the trough at their base. The criteria for the recognition 
of successive stages are distinctly shown. The head of the 
plain is higher than the opposite northern bank of the river, 
and the deposits on the south barrk are perceptibly coarser 
than those on the north bank. 

This bank curves southwestward beyond the confines of the 
Providence sheet on to the Narragansett Bay sheet. In the 
vicinity of the Rhode Island state farm, Pontiac, and Natick, 
the eastern or southern bank of the Pawtuxet is distinctly 
steeper than the opposite bank, but it is also obvious that in 
places the sloj)e alone is due to postglacial erosion, so that 
this criterion of the ice-contact is locally wanting; but the 
hight and conformation of the sand-plains confronting this 
slope and their relation to the deposits on the left bank of the 
river make it strongly probable that the course of the Paw- 
tuxet from where it enters the glacial plain at Natick to its 
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mouth is throughout determined by tlie stand of the ice-front. 
The sand-plains of this stage between Natick and the State 
Farm have their head from 50 to 60 feet above the sea and 
slope to the southward and eastward toward Greenwood and 
Hills Grove. Gorton's pond marks the site of a large outlier 
of the ice which had not yet melted when deposition at the 
Pawtuxet stage was practically completed. Duck and Little 
Sand ponds also mark the site of lingering ice masses. At 
Hills Grove there are traces of the intraglacial bouldery or 
till deposits of a previous stage which were so high as not to 
be covered by the sands of the Pawtuxet stage. 

The intraglacial deposits of this stage are fairly well shown 
in the valley of a small brook north of the villages of Natick 
and Pontiac, where the gravels and sands of the next suc- 
ceeding stage were not carried southward to suffuse them. In 
this valley are short eskers and kames, evidently marking de- 
posits made inside the ice while the large Pawtuxet plain was 
being deposited outside of the glacial sheet. 

ReTBEATAL FORMATIOZrs ON THE CENTRAL AXO EASTERN 

Shores or the Bat. 

Deposits of stratified drift, either in the form of sand-plains 
deposited against the edge of the ice-sheet or in the form of 
kames built up within its decaying margin, are not welldeveU 
oped either on the islands in the axis of the bay or on the 
eastern shore from Sakonnet point northward, though in the 
region of the Taunton river and the country westward 
through Barrington the development of stratified drift quite 
equals that of the west cotfst. 

Definite frontal deposits of any kind are unknown on the 
island of Aquidneck. The area of this island appears to have 
been bared of ice and above the level of deposition by glacial 
streams at the time drift deposits were laid down in the re- 
treat across the bav. At the northern end of the island occurs 
the remnant of a sand-plain, the connection of which with the 
ice retreat will appear clearer when considered with the de- 
posits of the east coast. 

On the island of Conanieut the surface deposits are mainly 
upland till, except for a small area near Sand point, opposite 
Wickford cove. The contour of this deposit is not sufficiently 
clear to correlate it with the class to which it belongs, but it 
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has the appearance of being a remnant of a sand-plain made 
in extraglacial waters. 

NAYATT POINT STAGE. 

Between Rumstick neck and Nayatt point there is a narrow 
ridge of stratified drift deposits, which, for a portion of its 
length, exhibits the characteristic cross-section of typical 
glacial sand-plains. The best exhibition of this feature is to 
be seen about half a mile west of Rumstick neck. The road, 
going west, skirts the base of the sand-plain head, which is 
here cast into kames. and occasionally rude esker-like depos- 
its mounting on the northern slope. From the summit a plain 
extends southward, gradually giving way to well marked, 
though not trenchant, frontal lobes, which descend to sea 
level and are now being cut into by the action of the waves. 
Again, at Nayatt point, there is a similar section, but sea- 
erosion on the south and west has removed the frontal lobes. 
These two sand-plains attain an elevation of about 50 (?) feet 
and agree in this respect with the next northern or Barring- 
ton stage. Great interest attaches to the Nayatt stage from 
the nature of the deposit made at the ice-front between the 
well formed sand-plains. These pre connected by a low ridge 
having some resemblance to a till-covered surface. This ridge 
has an elevation of about 30 feet above the sea and evidently 
marks a point of minimum deposition along a nearly straight 
ice-front. 

These plains merge eastward into the Rumstick neck north- 
and-south gravelly ridge, the origin of which is obscure. The 
abundance of boulders and the presence of kames suggest its 
deposition in the marginal portion of the ice-sheet, probably 
on the southeast side of a re-entrant angle. 

BAKKINGTON STAiJE. 

That the front of the ice lay for a time along the south side 
of the Barrington river, between the villages of Barrington 
and Drownville, R. I., is shown by the well-formed glacial 
sand-plain which occupies this interval. The Providence, 
Warren and Bristol railroad runs along its southern margin. 
On the north, the plain rises abruptly from the low and almost 
flat intraglacial ground, broken only by a winding, low, wide, 
ill-defined esker, which is confluent with the plain. The out- 
lines of this esker are roughly shown by the 20 and 40 feet 
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contour lines of the survey map. The head of the sand-plain 
is about 50 feet above the sea; it is broken down into local 
kame-like forms, but in some places is a sharply defined more 
or less cuspate wall, marking the contact with the edge of the 
ice-sheet. From the summit-line the deposit slopes southward, 
the surface being slightly creased, with distinct lobation along 
its southern margin. In one place, near the front, the plain is 
broken by a deep ice-pit, due to a remnant holding over from 
the Nayatt Point stage until the completion of the plain. The 
detritus near and at the head of the plain is as coarse as cobble 
stones, but toward the lobate margin it becomes a finer mix- 
ture of sand and gravel and graduates southward across the 
railroad named into sands and clays, the latter being the beds 
worked in the Barrington clay pits. The plain is nearly one 
and a half miles wide, measured along the vanished ice-front» 
and is three-fourths of a mile long in its grei^test southward 
prolongation ; and its contact slope is just one mile north of the 
previous Nayatt Point stage ice-contact. Assuming the plain 
to have an average thickness of only 40 feet, for the portion 
above sea-level, the delta deposit contains 557,568,000 cubic 
feet, which is equal to 20 feet of sediment deposited on one 
square mile. But there is the clay in front of the delta and 
beneath its frontal edge, which is equivalent, roughly, to 60 
feet on the square mile, making a total of 80 feet on that area. 
The Mississippi, according to Humphreys and Abbot, deposits 
annually 260 cubic feet on one square mile of surface in its 
delta. The Barrington plain is clearly ti)e product of a stream 
flowing out of the ice along the path marked by the esker. 
The revealed structure of the related esker fans in New Eng- 
land, as pointed out by Davis and others, indicates rapid 
deposition, such as might well be accomplished in a single 
summer season or period of uninterrupted melting, a length 
of time probably lasting through less than eight months of 
the year. Assuming this estimate for the basis of a compari- 
son, then during this time 80 feet of sediment would have 
been laid down, or about one-third of that deposited by the 
Mississippi in twelve months. At the rate of deposition for 
eight months, the Barrington glacial detritus would have 
amounted to 107 feet per square mile in a year, or about 40 
per cent, of that deposited by the Mississippi in the same 
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time. While an estimate of this kind must necessarily be 
vague, it serves to give an idea of the flooded character of the 
streams flowing out of the ice. It does not follow, however, 
that the proportions between sediment and volume of water 
discharged in the two cases here compared are to be consid- 
ered equal. The glacial stream was a narrow one, probably 
not over 150 feet wide in its intraglacial course, as is indicat- 
ed by the esker; but it was flowing with a strong current, 
which enabled it to transport cobbles six inches in diameter 
to the head of the delta. 

The esker. The winding broad ridge which joins the Bar- 
rington sand-plain on the north is not typical of its class in 
many respects. Rising out of a group of intraglacial depos- 
its or rude kames on the north, this ridge runs southward for 
half a mile with only here and there the steep sides of a typ- 
ical esker.* In general the esker is so wide as to preclude the 
notion of its deposition beneath an arched channel ; and it 
seems probable that it was deposited in a passage open to the 
sky above, contemporaneously with the building up of the 
sand-plain which was being formed outside of the ice. Near 
its junction with the sand-plain the esker turns abruptly to 
the eastward and becomes higher and flat- topped, being sepa- 
rated originally from the sand-plain by a narrow piece of ice 
from 150 to 200 feet wide; thence it turns abruptly south- 
ward and joins the middle of the plain. At the junction the 
esker is deeply notched. 

Correlation op Deposits on Opposite Sides op the Bay. 

The correlation of deposits made along the line of the ice 
front at any particular stage of retreat is attended with cer- 
tain difficulties even where there is a continuity of deposit 
indicated by a continuous moraine terrace or ice-contact slope 
at the head of sand-plains, since it is not certain that all por- 
tions of the extended series of more or less confluent plains 
were laid down at one time. Accepting, however, general 
continuity of more or less marginally confluent frontal plains 
with occasional moral nal heads -as evidence of a given stage 
of retreat, correlation with disconnected deposits of a frontal 
nature may be made by using the following criteria: 

♦Some Typical Eskers of southern New England, Proc. Boston See. 
Nat. Hist., vol. xxvi, pp. 197-220. 
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:•- ;ndi«*rt»'«»d rvy rii** <v?i»nrrf»!H'»* ■it' "ill m thi* wt*t«;«*ffTa shore of 
-•n^* T^m'^n r.v-*r. A *iaii".iir .L.-»crii»iTit^a -^-f firz*i is found 
.n W>r.io'>»» D''»nd •*a5»r .-.? Fill BiT^r Tj*^ •*ai?t»i*ii shore of 
► .n,- ly.nii j-^i-i. M-.* i r^tnajkn.:: /l ^rrinil^Hi .Lr.iz •:•' extraglacial 
.Vvy-,«i';.'.n ; *r.»* Tr.*^r^r:i *i«i«* - f -li** pi:a«i i* lill; between the 
• r-» 'i.>p/-.-i-j p--.h;kh.T ,ij "ii-* : ?* •»ilr*. T!ie?«^ Tw^> stages, the 
;r^r.ii>^><» 4nd -••»•* P*il RiT^r. ■•-a :rL«* FaII RiT~.er;fttiias sheet, are 
^-.-rK-ci r»'. 7 •*'. r.^ '*'Mr7*iA?!«H4 wii:ii -M'-n^r •'•f "Cl«* fr:-3»iia]l stages be- 
-.^.-.An ''rr>'*n'»'>r. r.w* 43.d W:<-kf '.'ni. 

\;rA^^Tc;>r'» rir.i* ^mtA-i/.^Izjh' •-f sii* &Ar irv ^-I-Mirij to be eor- 
:*^;At<»d wi'rv h^* iLd^-r b«eLt?i, bat the details •^f this correlation 
;,*d ,-^/,«- y^r w^»rtc^ o'jt. 
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Later Stacjes of the Retreat. 
The next three frontal stages are altogether on the Provi- 
dence atlas sheet and are plainl}' indicated by the topography 
as expressed in the contour lines. 

THE ROBIN HILL STAGE. 

The narrows of the Providence river south of the citv of 
Providence are formed by the hills of stratified drift of which 
Kobin hill is the culminating point. These deposits attain an 
-elevation over 100 feet above the sea and range in an east- 
west direction for about a mile and a half, with a breadth 
exceeding one- half mile. Throughout where cuts have been 
made in laying out streets, the deposits show stratification, 
much of which has been displaced by settling, evidently 
brought about by the melting out of buried ice. South of the 
deposit stretches the P^lmwood sand-plain, w^hich declines 
t<outhward to the Pawtuxet river. The high raorainal head 
and low overwash frontal plain are conspicuous features of 
the west side of the bay as seen from a passing vessel. On the 
east side of the bay, at India point, there are traces of the 
same deposits, but they are nowhere so well developed. West- 
ward of Robin hill the frontal conditions merge into the 
Mashapaug pond area, where the front cannot be well traced 

THE FORT HILL SUB-STAGE. 

F'ort hill, at Fox point, exhibits a thick section of water- 
worn but ill-assorted drift of a raorainal type, sharply sepa- 
rated above from a superficial coating of stratified drift 
varying from nothing to five or six feet in thickness. South- 
ward from the old fort there is a sand-plain, showing that 
the ice- front for a time rested against the east bank of the 
mouth of Seekonk river at this point. Frontal conditions are 
also indicated on the west side of Providence river in this 
same belt by the st^ep northern slopes of the sand-plain in the 
vicinity of the Rhode Island Hospital. 

CENTRAL FALLS STAGE. 

This stage of ice retreat is indicated by the remarkably 
well developed sand-plain, esker, and lateral terraces, north- 
west of the city of Pawtucket. The contours of the Provi- 
dence atlas sheet bring out in a clear manner the essential 
features of these interesting deposits. The head of the sand- 
plain marks the southern limit of the ice in the Blackstone 
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•- • !• »• . '-. I.J • V I I ■ ''l!''* ■ J*J ^'1 .'.VI' Ii^»*Tf.»X. 

"•••'»'«'•'! '•.»•. !•» III.!. ••-».< »,j; T, I*-: fi*':i-T :ii..rl »i»i]thw(*st 

ii!'»i.^» mIim 'I i.\,*\ J I ;i;ii. v.'tr. I' i.ttii'V '•••••'jr. ATtl^'l>oro 

Mil. . I. I'fi ii ti -i ..1, i i|ii, II iilji 'T: ¥*•' h ■- • J- Marisii*-]:! ; north 
"' ''iii ;. • f.< - ••:i»- i! |.;i • >.!•«■ ;'i» M i*> iii:»»Tlj'-r n'*rT lu-iist of 

• ..I 1-.I Jiifi4':'.f. ..».«; ..'.I Ji* H»!i'iv.' ;.♦ . — jii Win:; iii Mass;i- 

• II j-.li'. '.ti li.i- i'tii (.* thi (I :! f • I* V ^'iiilr-'rul h**tw»'!Mi Prov- 
!«!t»r't. uu\\ j','#tt.,': J» Vi T.* •-.I . it t:j{iy l»- *.iiil that tht' sancl- 

|.I:/ ii... lit ^f'r : •.i.<-, r.- '»i'.- • jtt ; •;;; ♦»*:«-<• l*<'!:iT .l<|(litll and l*roV- 

• li ••« ! i.ri j/.*M- '.' :t -i.M.. ». . .♦. i,f :;i*r;iinal an<l wa>lu'(l 
ill {.11- > ri. v.Ii I ;. ;,ti. •»•.,..»..,»,■,,. . .i-Twir«i HTi'l ri*»rlh;'a"*l towanl 

• •■• i»ti» .,i:ifi :i\'- w ".'■■»: J. 1-.... * ti|> ih»' wt-^-tt^rn "«'li<»n* of 

• :•{• ' "I i'.tv t-.;\;irtl <»'\*'\:\'»'. M.« — . In an^tli'T |»a|irr I 
t '.^■. ii. |j». .1 rit '.% 'ti:ijt t.f tlj*--*- r-tr^a^al <l«'jM»sits. 

I m ^r \« J itrTuiFN >t\«.i> "K Rktkkat. 

\' ■ ..M-r;«i •t.-iiT'-i.r r»'tr*-ata^ <l*-|M»«:it-s in th»^ Narrng;ir.>.rn 
I*. " ji. •.. fr'irn m-ar \Vifkf'»r4l n'»rtli\vanl. nianift*^! a r-n- 

• : ■•■ ill tl;.- i.*i'.fr«iMt, til li»- l«..nlt-nii hv <anil-|»!ain> ai ir.ir^r- 

.1 - '■' .WM.iir i.n«- niil«'. 'riii-^ n.-iT'ilar mmrreniv nf a halt iii 

■ ■ .- ■• r''---tit \\ ith ".-mil-plain l»iiiUlin;i«'all< f«»r an t*xjilan«Ti««i:. 

. .' .: fi- ' — ri'.t a|»iM*;ir ividt'nt t«» tli»* writiT whai ]»rt»r'(**;s«> 

.J..; .il.'-it tlii- -t'tiuonof. It i< anpareni that th<- intfrvu: 

- . : . ■ ;...* .iiii with seasonal ohanp*>. havi? hft> shi«wr 
'. a' *; .;.:.«? ::.- trrMwth of th«* Wooillanil ?.and-plHiTi, n(»ar l^ty— 
5 1.:, t:.*- ■'•♦-fr'^'nt did not melt back raoiv than a few viird- 
'1 .T.:ii :L»- '.liTward rxten>ion of a dolta to the distuntv- '-f 
r *'. '..- iLr-<- hundred yards. It is n-a*onable to suppose rtsh: 
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the sand-plain construction \v(mU on (hiring J2iinnn(»r ratlicr 
than winter conditions, that is, during times of most rapid 
melting. Wc? cannot, thercFore. a'^sunn* that successive sand- 
plains one mile apart represent annual halts of the ice-sheet: 
for this would postulate that during the intervening winter 
the ice-front receded one mile, a result, to say the least, incom- 
patible with the rate of melting during the construction of a 
single sand-plain. It seems most likel>' that the interval in 
this region is dependent upon some causes tending to repro- 
duce the same conditions of drainage at regular space inter- 
vals on the b(U*d<^r of the ice-sheeti without definite control by 
the passage of time. 

The occurrence of kame-like mounds in the intraglacial field 
back of the sand-plains suggests th(* overlapping of the delta 
deposits u]K>n the attenuated if not baseleveled margin of 
the ice so as to ])rotect the ic(* beneath from the sun's rays. 
The identity in the materials of tlie sand-plains and these 
kames corrr)borates this view. The ice back of the overIap])ed 
zone would melt away in time, and the streams would t(Mid to 
tiow in the de])ression at the inner side of the overlap and so 
would be divert(»d for a time to one side. In th(» open space 
thus formed sand-])lain building may be renewed after a time. 
In this view, tlie interval b(»tween successive sand- plains d(»- 
])ends upon the width of the overlapping frontal drift plus the 
width of the de])ression produced interi«)r to this overlaj) by 
the melting of the uncovered ice. 

That something analogous to this su])posed course of events 
took place in Barrington, R. I., is indicated by the occurrence 
of the ice-pit in the margin of the Harrington i)lain, by th<^ 
kames along the contact slope of the Nayatt Point plains, and 
by the wide- winged form of the Harrington plain. All these 
indications are explained if we suppose* that the marginal 
portion of the ice-sheet at its contact with the h(»ad of the 
Na^Mitt Point plains had n(»t yet melted out when the Har- 
rington plain was nearly if n(>t quite completed. 

Kklation of tuk Sand- plains to Ska Lkvel. 

There can be no doubt that the Nayatt Point eastern sand- 
plain was deposited in a body of water whose surface was ap- 
proximately fifty feet higher against the land than the present 
sea level, if it was not still higher. A more important pre- 
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iiiniiiary ()u«^sti«ii tiiiii, tlia: <> tii*- iif^siiiut*' upfMfr limit «»fxiiif 
nai**' inKiy i- \i\* (|ii4'Stuij. wiioiim" ttii^ wate^* w»?- an «eii H»vei 
i»' %vu- at»iivt II . \iy ill til'- jatU" »•»!*♦• it woiiid no! in- aL ru- 
litratio: i»; ti»' •^umci o: tn* laim w'wx n-iatio] ii. tii* '^'U. 

A'l lirsi •'ijin; in- ••viut-iif*- a|»i»t»ar- ?•> lavi.t- !5uijiii*T|r#*ii*«f f»f 
in* laiiii Tiiep an. iiriw-r-vfi. e^vera &ijrniti**un: ta'M* !»• he 
nij^ervtH! \i. \\\* distrihiitior «r tlit- liu^eriii;: ui»-i*^^ n! i***- ir 
Till- lifiii. DouLiii:.- t<- til* |M»s5iii>iJiry o:" !<•♦• llam^. wuitrli -sniiiilcl 
nnt !»• ov«Tiook«*Li TlnfFf ir- i\ iiiarxeii t^iuii'ii'^T ii; tIh- ^nr- 
ra^aii^vn bar rfiri'U: lowani iou<: iiitrtt. ami soutl a^|Tre«tu*iii*» 
ii4*iii ••iHM in irt Willi- 111* t»aiiii-ijiaiit- ami t^^k^r- nvtTf- itf**D- 
111 II la till;: TiieK' ii*?|?r«»«ion- may U >?eei: iifa: * eiirnt! Fulin. 
aU»n! !^n»viiifiif . ami iii tii« \oi%^ trend Wf«* unci mrrtf; <»f 
\V !<•;;! on; .liin*'iini: I: i- iibyioH^ tliai tn* if**- r*'muiiiit?' ii 
th« iri>ujrt»"- '^" !!»• i»a} wer* i««; t< mt*r *ni: iK-fiuHH- Tiir- iw- 
wa^ TiMT* ltm*K**>i Tn* lontTu, wnici t»mtt-ii ii. wi^^i.-wirii 
fovi luiiiiMif* n-^ n- sanit-iJiaiii-; tlb teiurtl iit tim* Tak<a. f<»r 
n- liii\i*'l»*MhM: Hait >imiia" {nii lanrer ma«***^ remuiiifC lLTif^ 
|inn'Mi>a na^j'ii;?**^. XW'''^} muriiT wrl. nav- >»*rvHii ti. ntiici i:j' ilw- 
nai-rr^ whi-l 'Mni* iron tn* i»*f inii. int-> aniiiiaLf »'iiHmi*-: knd 
tf r«inv*»r: r ini« .- i-unnirar^ laK^ I tn** \vi»* iii* ritt*t, tiie 
M'l I nun \vn-'i i»- iill nitUtH. iwi i»»** NayiiT* luiiii'L "■:•# 
ii«w*i>n iniKiitft. iJifrt iv. ;. 3lortht-»<5Twa^li^^ r»— -iirraiiT iLLxri^. 
Ii»' *.nj!ii'*r! >!ii' •• wnir'j w.niU; rn iiin]i*H m m. ii^-ribe 

• '\*- iitiiiii :» t^'*»*' *' ^^ a'^w p'i. iif-k Tlh*r» t- iit t^iof^iyw. 

..u- \-'. "\'"iuiiu. ir^riiai*- ;. ni«>rain- •MiiitiHMt-s: •»: Um lOii:^ 

• ii I •— M. \Un . l»n^' i>^^'3 i*i)tt I* iini. ii iJit TUfin iiib "fs K^ 

• ;. , •- :,..' ir-iHUiii-si^ i' iiiji\ «•' i: niai^ nni. in Tnif . ^ad 

: ."- .T- !.:' viinr Eiir-s Iv -^i U *V. \lv a!T»»m«t'Vt IrTl*'^!,^?*!* 

• .1-- '- - :'.:,*• :i»^"li'^- '»* tf pri— ^i.«i fi. Tilt ItftltC i- the 

; ..... :i'" I?*". 

liJilu. 11:-'*' *'«-r,r- !i 'r ^«*or t^VlOt-Jf?--. ms 

...^' . •« :..;i ii..':rii. t:;- iTi>:n'-tiiM»"'T i»'"f-?^-diii£r 
f • . *:;u^ ■. ::■• ^m.n •:.•» '-^--•*^!,n -n-. iti>i her? 

_. :»- : "^ >* - !'..■*• n»i>- ail iiitrf7»tT.uent 

■—....:!.:- . :!;:i i:i- <ii"!ic--ii!Mii. hT Nsrati 

. .- - '-t .. ; , I -4 ;:i4»- »T--ni^ rn-t-liiT*- !.••> iadi- 
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orK^n and age of the laurentian lakes 
y^ and of niagara falls.* 

/^ By Warren Upham, St. Paul. Minn. 

CONTENTS. Pafft'. 

Pn'^lacial Coiulition of the St. Lawmnce basin 16^ 

ChaofTi's brinii^iuf; on the Ice Atre HI 

Recession of tlie Ice-sheet HI 

Glacial Lakt's in the St. Lawrence basin H- 

Lake Warren IT'J 

Lake Algonquin * 17:1 

Lake IixMiuois I7:i 

Bei;innin»f of Nia^^ara River and its Erosion of the (lor^e Ih»1o\v the Falls 174 

Variations of the Volume of Nia*f«ra Kiver 174 

The H.v|x»thesis of the Nipi.-sin^r and Mattawa <»utiet from Lakes Huron, Mich- 
igan, and SniH»rior 17'! 

Duration of Niagara FalN and of the Posttflacial jKiriod 17<» 

Pke<jla('IAL Condition of the St. Lawrence Basin. 

During the later half of the Cretaceous period nearly all 
the region which now forms Minnesota and the drainage 
basin of the Missouri river was (lej>ressed and covered bv the 
sea; but the contiguous region now forming the basin of the 
St. Lawrence continued through that time as dry land, which 
has been its condition ever since the Appalachian revolution 
terminating the Paleozoic era. On the east half of the con- 
tinent the principal drainage s>'stem that carried its detritus 
west to the Cretaceous ocean is probably marked by the chain 
of great lakes from Ontario to Superior, the west end of 
which is close to the east border of the broad belt of Creta- 
ceous submergence. At that time, and onward through the 
greater part or all of the Tertiary era, much of this eastern 
land area appears to have been elevated at least several hun- 
dred feet above its present level, so that streams eroded the 
deep basins which are now occu])ied by these lakes tributary 
to the St. Lawrence, but which then probably had a continu- 
ous westward descent. The lake basins appear to be due to 
epeirogenic movements preceding and accompanying the ac- 
cumulation and departure of the ice-sheet of the Glacial 
period, deforming the old river valleys and changing them to 
lakes, as will be presently noted. 

It seems to me most likely that the watershed dividing the 
streams tributary to the (iulf of Mexicf) from those tributary 
to the Atlantic ocean and the (iulf of St. Lawrence, which 

♦Presented before the Geolojj^ica! S<»eiety of America and Section E 
of the American Association for the Advancement of Science, Aupjupt, 
1890. 
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ries on one side from tlie basins of lakes Huron, Erie, and 
Ontario, and on the other side from the basin of lake Superior. 

('HANliKS BKIXOINO ON TIIK ICK A(iE. 

When the early C^uaternary epeirojr(*nie uplifts heaved the 
northern half of our continent 2.000 feet to probably in large 
part 5,000 feet above its j)resent hight, as is known by fjords 
«nd the continuations of valleys on the 6u])marine slopes of 
the continental plateau, it seems not improbable that the 
-warping and deformation of the land surface enclosed and 
<*hanged into land-locked ])asins some parts of the Tertiary 
river vallevs of the Laurentian lakes area, so that these lakes 
may have begun to exist in some form before the Jce Age. 
xVbout the same time, during the epeirogenic movements 
which finally brought on the (ilacial j>eriod, the Ohio river 
m\d the upper Mississij)pi river, as suggested hy Chamberlin, 
J^everett, and llershev. assumed nearlv their present relative 
importance and have since channeh*d large valleys, although 
-wholly disj)roportionate with the great Tertiary vallevs which 
i\rv now the beds of the Laurentian lakes. 

At length the high elevation northward caused snowfall to 
prevail there, instead of rain, during all seasons of the year; 
ixnd in several or many thousand years it enveloped all the 
<*ountrv from the Arctic sea to the Missouri and Ohio rivers, 
and from the Atlantic to the Pacilic, with a thi(*k sheet of 
snow and ice like th<^ icre-sheets now covering the Antarctic 
<*ontinent and the interior of (jreeiiland. 

KeCKSSIOX of THK ICE-SUKKT. 

I'nder the vast weight of the ice accumulation this j)art of 
the earth's crust, after bearing the burden for a long time, 
isostaticalh' sank, so that when the ice-sheet, exposed thereby 
along its borders to a warm temperate climate, melted away, 
the land on which it had lain was uncovered with a less alti- 
tude than now. The dej)ression of the land beneath the sea, 
from which it has since risen, extended from Boston and from 
Nova Scotia, where the relative bights of land and sea were 
jiearly the same as now, inland to a vertical extent of 560 feet 
at Montreal and 500 to 600 feet thence westerly to the areas 
of the Laurentian lakes, the glacial lake Agassiz. and the ba- 
sin of Hudson bay. 
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\f»»Minfr .n t?4 nariin. if^nii**** •»!* tii* anil tMjrPii»si<in mit 
:'p<ifiiP:if ii»n .»f I. vrtrm "timar** rii* f'*--Hf»*-r vnucftL inii .rirui- 
ifilir vMthrlr/>'.r itrhougn nrli inaiiv -'7i'i>«»irnclt*:»<Fi -emn»'mrr 
riAlt^ iiurr^t'd »v iiur3in:ii norm a**-. A^ ^r^ar t^uIv.uh*^ 
.it'r*-r'h»* .ii'r«»niafi !iT»*mi:iri:ii ■'*rr'"»:ir. u»w»-'-*kr. -♦*#*ni.* "T^rr-r- 
ihlf <i in -nrfii'r imi* vnili- 'F-r tit- wan .r'»tr!:i«"!:4i iinr'ni*?^ 
•nnfiniii^fr hoiicrn .)#*rnni)« n i iiiniiu*M*^! [I'trrr^, 

Villi r.i- f^rrnur «r ■ti*"-»»nTint*!iTai ^:4«*n*r. iiI .irfin>!jnii>hie' 

v*-rr* •♦^mrt»»rnnir '«*r!ii)!fMi jr iiiuMtn uKr-s. n-tu >v "lie ir*^ 

mmifr .nrij r- •niiriniipfi r'»fe*i-iini j:;iv»* iv.-nw**** -if ii^^'iiarzr- 

ind If ii-f ,Krmirri*fi IrninaiCP «• •^♦••iiuf •*r;iini.'rnt^i n in* 

;>rr-vr-nT t .11 r^*--*. ' >wr he zn"«r r^mr'^nTiiiii uKf— -. is* m»-^ 

••v:.-f o-'iiii-. •*\t'*\ jj;i«'!:ii jiKPs 'i aiirti ari^er *xnMir r')?^*^ n» 

.11:1 \ I mil MI :i;xriT^ r^nu .'»!» :VeT r* •»*'*» :^***t mov**- "he [in»r^ni: 

::ikf .»••'»-!?-. L>. -n«F\rn ^v 'He 'i»^r**r'<»ii )#*M<rfi<*!^ inii Leira?^ luit 

iv 'III •M:imif-i.- *i luriJow, Mi-r'* •Mr"r»**riv. aowp-^t^r. -t»- 

-iKuiui -rtv n;iT ni- ■>\ri-^r:ni£ »r 'tit* ziariiu .nket*. 'iv '*rt>:-i"(i 

:m*i •tiaii'ier' '!' iiiriirfr. "r. 'hf-ir »n**^nT •r'nrr*?T»*nrariv.*-i. ri»- 

'f-flttT vir;-i -p.** ;niifr*» •»t' -ti'* ior*'iii-rn ;iini rmrTheaa-THm nar^?* 

•!' ' lj«* '111 .iki* 'ar-t'i?^. If •fimp!ir'"i vjTii 'hr}r »r"«i =iniiir»-it 

-f»fnijr*!*n mrTi'tfi.-.. i:iv»- i •••rnt)ii!»^t iiMXimnm »( .ti)i>iir ►>*»•» 

:'i'«'r II -rirM ■:" !■;♦• 'iirf-** t:i?-;r.- •! ;iK.»-- '*'ipHrT«»r. finnan. iinL 

' Ml^iri.- 
.•n-rjj.wf [i ,r.f.;i ,ini -it-nni. iiii<>n:£ 'iiw 'nn**- ii;i**!:ii .akr^ r*» f}** 
:ji.r.. -o«**'i;iil V infi'M-u, v;i?- aiit: ''Varr'*n. -<» iiLme»t ijy >p**net*r 
:';•■'• Ml ;ii.-t ••;;nn»!':ii:i.ji a' .t- -ii«.r'— :: 'lu* »ar-in •! .iik*? Erit*. 
IiJ 'fwr'- !:;«"•. iiaiin**«i 'iv "^iff-iiff-r, 1 ;ii!»»-rr. Law-^^in. T;i\r»i'r, 
:ii.ii ■ri.f.--- -ii..'i' liar ;•, '- :i ji .vi in n 111 -^cr-'n^i'tn 'Ui-i ziaoldl 
.;i;<f J:'-''":i-*i r'-'ii ' li" "i-"-: -Mti -t' ':•• »'i-;n ■»!' .akfr» *.inrari«> 
■i'»-^« i;.ti .-•'•"li .r«-r-r <\''!" 'ije :'-'iii* .i'P»"* ^^'-ar a K'-^. :ir mini Oic 

i:. li-.-a .••ar:-.' -'rla. " ' "AnV «r" 'in- •'MUi'ilip»H*riiieinis Iiikr* 
Aj-.i— J/ :i *ii** .a-i:-' '!' "A'- i^i-'i •r-»T -i' ":!•- N«irrh ami wf Ink*- 
■V .,.,»..♦•'/. !'!.♦• .tTf'-* -iiirrn-i'Ti "■leat'Mi-^ -r tike W:irrf*n, 
'.I'li't'ti ,-■ ' I. .■'*•':*' -a-r'var»i '** ' "M. t <-!"!» i'*n. N. Y., ar^ therf^ 
:'(»ii::ci .'.' i.r'^'i-rf*^: '• lav** i«-*-ii •'•n['*!iipi»r:iai-*»ii'4 wirh rh>* 
r.<*f:-x-i>*»rT .iiat"z:nai .TT'Tairi*-. Tlit- ••••ur^r -ii' riit? boundarv -if 

1,1' -r-r r-f'aTinLr .••*---n^'*T ir '\i*t "iiti»- •(" :r^'*atf*«f '^xtenr of lak^ 
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Warren is approxiniHtely indk-at^d by the accompanying luup 




(figure 1), which shows the maximum area <if tlie cpntincii- 
tul glHcier »ntl siiecepsive Hta(ies of itf reccssiim in thf llnilfd 
States and soiitliern Caniula. 

Luke A 1(10111/11 ill. As sonii as the gliieial roei'ssion iinciiv- 
erfid the Moliawk valley, the waters of lake Warien. rornicrly 
outfii>wing at t'hieago fci the Mississippi river, were nipidly 
drawn away through the Mohawk and Hudson valleys. In 
the basins of lakes Michigan. Kuron. and Superior, compris- 
ing the larger part of what had been lake Warren, there re- 
mained a similar but restricted liody of wider, which Spencer 
has named lakt^ Algnn<|UiH, dammed by the lingering iee-shect 
only on the part of its border eact of (icorgiiin liay, in the re- 
gion of lake Nipissing and the Miitlawa river, and iiulllowing 
through the St. (lair river iind lake, the Detroit river, and a 
xtream which may be called the river Krie, continuing east- 
ward along the bed of lake Eric to the incijjient Niagara river 
and falls. We fhall return in a later jiarl of this paper to 
further consideration of lake Algon(|uin and its ice barrier. 

Lirie lro<n"''». In the basin of lake Onliirici a glacial hike. 
al-o much studied and named lake Iroquois by S|»encer, out- 
flowed at Konic, N. Y., to the Mohawk and Ihiiison. Its sur- 
face at Toronto during the early part of its existence coin- 
cided nearly with that of the present lake Ontario: but later. 
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T?ie Amertcfttt O-eoiof/iat 



"•••pr^-'irw*" I'^i 



owinjT to th<» ;^r;Miual uplift *\\' th«* rrmntry <»n rhe iiortfi Kid 
*^H**t. iiwhidinjr \\\r Rom«* oiitl<*r. rlip w^-stern parr ot" !ak.r* lr'>- 
ijunis was '•aii?»t*<i tn rinf upon ir^ <*rjast ro a }ii;^lit of ahmit 
200 J>ft. liiiallv linhliim that I«*V(*i duriiiix inanv' v«^•lr•^. with 
Th<f ftn'iiiation of iluf \v(»il devr*lf>p»»(l IrnqiiDis hea<*h. ThH><lif- 
fenMirial •^peirojroiiic movenii'iu of riii' land ami tin* ••<in>*'ini»*nc 
w*'Mt\vanl risp of the lake. cniitiiUMl bv the wanintr i<!**-^Ii»^«^t ^m 
its northeast ^\iU\ nrr* known bv the northeastward an'^nr of 
tile old bpaehes and bv drift sf*rtions which show two read- 
vanees of the iee- front in the virginity of Toronto durin;; the 
jjraduai rise of the lake there, to whiidi reference will be airJ^in 
made on a followintj: page. 

Bk<;innin'<; of \ia<tARa Rrvicii and its Ekosios t>F the 

(rORUF. BELOW THK FaLL>. 

Th*:^ departure of the i<?e-shrt*t, as we have ^-t^en. unroveretl 
the northeastern part of the continent with -m li>w an altitude 
that the drainaji^e of the Launi'ntian lakes region then, for the 
rtr^t time, as I believe, began to outtlow eastward, earliest bv 
the Hudson, and later, with the farther yjhh'ial retreat, bv the 
St. Lawrence. From the dav when the Runie avenue of out- 
rtow drew down the waters below the Niagara e<rarpraent, 
which nms between the ba>ins (^f lakes Erie ;ind Ontario, the 
.Niagara river has been flowing over its fali^^ and has been 
cutting its gorge backward from the «;soarpmeni. At first this 
river was •-carcelv "Separated from the river Erie bv anv lake 
in the Erie basin; but graduallv the dirt'erential uplifting of 
the lan<l raised the ^r-astern rim of the basin, at Buffalo, to 
su<-h hight that the extensive but shallow lake Erie covered 
the former river Erie, and the great level plain through wliich 
thaf river flowed is now the lake bed. 

V'AKrATIONS OF THE VnLCME oF NlA<;^ARA RiVER. 

Gilbert, in hi-^ able papers on the historv of Niagara river. 
well reviews it"* probable changes of volume due to variations 
of the average vearlv rainfall and snowfall, the meltintj of the 
ice-wbeet fluting its departure, and other varying conditions. 
Mo-it of these cause?* «»f variatioii of the river'> volume seem 
to have been not wideh' ditferent from those of tiie past thou- 
sand years or even of the past century, during which its flow 
and the rate of ero**ion of the falls and g<">rge have been ob- 
served. Sf»me of the variations have doubtless tended to 
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rc(lu(*e the river and to iiuike it erode more slowly during 
portions of its historj' than at present; but other ehanginfjj 
conditions huve with equal certainty promoted its erosion and 
so have tended to shorten the time required for the excavation 
of its gorge. With one exception, the conditions of variabil- 
ity appear to have tended, in the aggregate, to subtract from 
tin* time indicated by the i)resent rate of erosion, rather than 
to add to it. 

TjIK HyI'OTHKSIS of THK NllMSSlNCi AND MaTTAWA OITLKT 
FKOM LaKKS IIlKON. MiC'HKiAN AND Sl'l'KKIOK. 

Among the condition^: which have been su|>posed to cause 
Niagara river to vary from its present size, only one would 
produce a great and long continued diminution of the river, 
so giving for a larg(» part of its history only very slow erosion 
and recession of the falls. This hypotheti<'al factor in our 
]>roblem, which has Ixm-u assumed by Gilbert, Wright, S])en- 
<'er. and Taylor, to considerably prolong the time of the gorge 
err)siun. is the diversion of the outflow from the three lakes 
ab(»ve lake Erie to forsake its present course and pass east- 
ward from Georgian bay by the way of lake Nipissing and 
the Mattawa river to the Ottawa. On the other hand, Bell 
and Barl(>w, of the Canadian (Jeologii'al Survey, oppose this 
hypothesis, and state that they lind no evidence of a former 
great river there. 

An examination of the relationship of the several glacial 
lakes in the St. Lawrence basin, and of the ap])roximate out- 
lines of successive stages of retreat of the ice-she<*t which was 
their barrier (as shown in ligure I), convinces me that this 
Miittawa outlet from lakes Huron, Michigan and Superior 
was obstructed by the receding ice-front until after the land 
there had risen from its Late Glacial orChamplain depression 
to such altitude that the St. Glair and Detroit rivers contin- 
ued to be constantly the outlet from those lakes, sending their 
waters to the Niagara river and falls during all their history. 
Lake Algonquin was at first held on the Mattawa district by 
an eastern barrier of the waning ice-sheet, as is known by the 
Nipissing beach far above the present lowest ])oint of the wa- 
tershed. Hut diti'erential elevation of the land, as soon as it 
was unburdened by the glacial retreat, took place here, as on 
the ar<*a of lake Agassi z, while yet the ic«» barrier remained. 



thoiififh it wfin '^rachiallr rH^rwitint^: und in both rhf;«e in**at 
lak#* brtsin-* ih<» uplift was nearly or 'luite ••f»mpiere<l tiurintf 
rli#* '^x^ijitpncp or* rhf •glacial lakw«. Final I r lake Altrcmtpiin, 
hy rh«* norrhf^aMtwarrl !and Mevation. befarae «liridefl iut4i irs 
•^fi#*f»e«M»rp. lak*^ Ffuron, Michit^n. .ind Siipwor. 

L^k*^ Algonquin .ind Frrxjuoi.* w^rc^ ••fmtem{K»rane<Mifi. ;iml 
th** Ontario liastn i-ncioiaincj lake* rrrviiioi^ ^as* :it rlip -i^iiaif* 
tiin#» ii|)lift<tl toward rlif northefipif. with infiinariou '»t ir?* 
^»artifr -ihorp iin**?*. .nui with ^adimi rT>** «»f rhe laki* ^iirfare 
westward bpfauj^f it?* outlet, at R»»Fne. was niist-tl much mor»* 
than rhe w«*?Jti*rn part of the basin. While these rwo iriat-ial 
!aki*j* were .inderj^oin^ "^neh ''hant^es. i lnhe^ of rhe mainly re- 
treat! ntj; fnit wjiverint^ iee--heet linirere<l on rhe iiiiiiiiands 
north -»f lak«* Ontario: :ind twice its tn<»derat»» reailvanct* w;is 
record eft by depos-itH i»f rill intercrdatcnl with rhe ?*rrariiieil 
bedw of a Uicnstrine delta in rhe '^xtensive -ieeti<»n of StTirhon/ 
Heic^htH. n**ar T«>ronto. The uplift of rhe rnHfiiois ba>in. as 
well ;ii4 that of rhe Ali5f»ni}iHn basin, is rhus •♦hown ro hav»* 
heen far Jidvancetl and nearty ••funpletetl during rhe «M»n ri nu- 
ance of r heir ice barrier? ; .iiitl jilso rhus it is demiuisrnit«*<l 
either that i\n outttow fnun <-rtM»ryyan bay and rhe upper lake-^ 
ever pas'^erl ro rhi* Mattawa. or that it was of v^ry short dura- 
tion. Th** wholi* time '>f exif*ten<*»^ of lake A^rnf^'^iz. ai* »^sri- 
niatHfl by ••run])arison of its -^hore nro-^ion And beach accumu- 
lation with ihose of lake Michitrnn .ind orher^^ of die 
Lauren rian lakes -»inc** the «lepartun* of rhe ice-'^heer. appear'* 
to iiav** bcfu about LtMMl years. Fn rfimparison with this, we 
may -'onthtenrly aes^rr rhat. if any outtlow passetl for a rime 
ovf^r lake .\ipissintr to the Mattawa river, it ''ould havf' dt'^n*^ 
•^r» only f(^r a f**w decades of yf^ai'S. 

I>IK\TlO\ .iK NiAiiAJlA F VLLS \NI) oF THK PosT<;LA«I VL 

PKKIOD. 

A hour fInvM'-rourrhs of rhe period '»L ;>!!.lH)o y**ar»i which 
Sp#Micpr as*4i<jr7is as rhe air^ of rh«* Nia^rara river and falls are 
derived from this hyporhesij* '>f rhe Mattawa outlet fn>m the 
upper lukeM. which, as I believe*, is unrenabj*^. or at the most 
hud o!iiy a V'*ry -^hort exir^rence. Leavin:; out that element of 
fh** problem as insi^rniticant. and dividinjx the length of the 
Niaijrara irorir'^ (about -*ix an<l a half miles) bv the reirent rate 
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of average annual recession of the falls (nearly fiv«* feet), we 
have approximately 7,000 3'ears, as announced by (Gilbert at 
the meeting of the Anieri<*an Association in Hutf'alo in 1880, 
as the probable time reipiired for the erosion of the gorge. 

This measure, which (not to be too exact in figures depend- 
ing on somewhat varying conditions of the Niagara history) 
we may place in round numbers as l)etween 5,000 and 10,000 
years, is of great interest to geologists because it is at the 
same time the duration of the period since the end of the Ice 
Age, or. speaking more definitely, since the retreat of the con- 
tinental glacier from the northern United States and southern 
Canada. It may be so accepted with confidence, for it agrees 
with the estimates and computations independently made for 
the same period by Prof. N. H. Winchell, from tiie recession 
of the Falls of St. Anthony; by Prof. (i. Frederick Wright, 
frr>m the fdling of dt^pressions among kames and esk«»rs, and 
from erosion by streams tributary to lake Kri«»: and by Prof. 
H. K. Emersrm, from postglacial deposition in the valley of 
the Connecticut river. In Kurope, likewise, numerous esti- 
mates of the lapse of time since the Glacial period, as collated 
by Hansen, are found to bo comprised between the limits of 
r>,000 and 12,000 years, thus being well harmonious with the 
measure given us by Niagara falls. 

From this unit of measurement and its ratios of comparison 
with the preceding g(M)l<»gic periods and eras, accf»rding to 
Dana, Walcott, and others, we derive an approximate duration 
of 100,000 years for the whole Quaternary era ; of perhaps 
H,000.000 years for the Tertiarv era ; some ten million vears 
for the Mesozoic era : and probably forty to eighty million 
years for the Paleozoic era. In total, the time since life began 
on the earth is thus shown to be probably a hundred million 
years, compared with which the duration of Niagara, though 
a hundred times longer than a man's lifetime, seems geologi- 
cally like a span or a hand's breadth beside the long vista of 
the past ages. 
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THE BLACK RIVER LIMESTONE AT LAKE 

NIPJSSING. 

By N. H. Win* itell. 

On the ^KTcasion of the meeting of rh** American A^j^M-iation 
for the Advancement of Science at Toronto in 1889 an excur- 
sion was made to the region of lake Nipi-^sing. whicli wa* at- 
tended bj the writer. Subse^u^-ntly a small collt-ciion of 
fo«!*ilj» from the i.-Iandn of this lake was procured through the 
aid of Mr. T. D. L*»dvard, es^i, of Toronto. Thev were 
put in the possession of Mr. L'Iri(*h. Newport. Kr.. who lia»5 
recently furnished the following ident ideations. 

The islands of lake Nipissing are brierty tlescribc^d l>v Alex- 
ander Murray in his geological ref>ort for lSf.>i. and the is- 
lands themselves are represented on hi-^ map aecompanving 
his report, sheets s and 10. This limestone is found on one 
of the islands of the 3Ianitou group, in the east-central por- 
tion of the lake, and on Iron island, in the western portion, 
and it probably underlies much of th«' lake between. On the 
Manitou island it rests uncon forma bly on gneiss anil trap 
rrKjrk, which constitute the larger portir»n of the island, show- 
ing a thickness of over six feet, in the lower portion being a 
siliceous limestone * * * -holdintr Orth<Keras. with a few other 
oV»scure fiHsils and small an^lar fraeraentsof the altered neck on which 
it rests. Over the silieerms bed are alternations of blut» anil irray lime- 
stone and shale, hoklinsj numert>us fossils, amonir which ar».' i>rth<x'<»ra- 
tites and shells. \A)X\i univalve and bivalve, but all t«.n>ol.9cur»'I.v defined 
to admit of cr)m'ct identification: the nrthoceratites. which are verv 
numerous in all the F^eds, strongly re5;embletue f h'mijt^frtiu tciniijUnm of 
Hail, jjiven by that author as a eharact» ristic species of the Black River 
formati<»n. Thest^ hetls occur on the S. VV. end of the island ami show a 
gentle dip towanl the S. W. 

On the west side of Iron island l>eds of rtnl and gray sandstone rest 
unconformably <m jmeiss and crvstalline lim»^stone. dipping at the north 
end of the exposun> S. '^^ W. <4*^. and at the srjulh end S. 7.">o W. <:i'=' 
to .i"^. The lowest Ijeils of the sandstone an^ nnl. with small round 
green sjKits o<:casionaily dottetl «)ver th»* surfao^: the sandstones are 
coarse grained and the J)etls vary in thickness from six inches to two 
feet. The upper beds are yellowish-jrray anil s«.>uietimes whitish, and 
rK^casionally appear to l)e slightly calcare<jus. They are mostly of coarse 
grain, at times J)ecominK a fine conglomerate. Small subspherical con- 
cretions are common to the upper beils, and on t»ne occasion an impres- 
sion resembling the obscure coat of an orthoceratite was observed (»n an 
exfjosed surface. Some of the beds are prol>ably well adapted for 
grindstones. 
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The greatest thi<rkneH8 oxpoBPcl on the l)each is from ten to twelve 
feet, but the side of the hill faeinjr the west, which was about R<'venty 
feet or upwards over the level of the lake, is ehietly of windstone. some 
of whieh may be additional strata. Large angular masses of fossil i feu »r.s 
limestone are strewn over the beach, having been removed ap])arently 
no great distance fnun their parent iK'ds. They ])robably occupy a 
portion of the bottom of the lake. The character of the fossils in the.<e'' 
masses appeared to \w- of the Chazy age." Murnif/, 

OrmtM'eniH tenuijiiirtts Hall. Separated fragment of siphuncle and 
miction with sej)ta: ill preserved. 

Escharop<tva suhrecta Ulr. 

HeJnjK)ra mucrouata Ulr. (Stones River group sfKH-ies). 

Eacharoporo * h'mitdris Ulr. 

Rhitiidiciya. miitnhilis var. major Ulr. 

Pht/lhniiciya varta Ulr. 

Uatostoma irinchelli Ulr. 

Volloporo vinltitohuUitit Ulr. 

CV)lumns of an undetermined (rlyiiitwviuns. 

Rhynchoirema infvquivoiris C'astenau. 

Lt'ikfrditia ffthvlUvH Con ? 

Aporchites iipf/ircfns Ulr. 

These species indicate (»xact eijuivaleiice witli the l>lack 
River group of shales at Minnea])()Hs, as discussed and de- 
tined in Vol. Jll, Part 2. of tiie t'orthconiing report of the 
Minnesota survey. They show the probable former j»r(»va- 
lenc(» of the Trenton ocean far to the north and taken in con- 
nection with the small known area of the Trenton in northern 
Micbijjjan, near the base of Keweenaw point, indicate that in 
the Trenton age a continuous sea occupied the area from lake- 
Ni pissing to lake Winnipeg. 



EDITORIAL COMMENT. 

TnK MissiN(i Link. 
The gap whi(?h separates man from the ape is siiniiar to 
and perhaps no greater than other ga])s existing betwen ex- 
tinct forms of animal life which have been bridged l)y the 
easy assumption of specific variation and direct gen<'tic de- 
scent, without doing violence to the th(M)ry of evolution hy 
natural selection. Hut l)etween the ape and man there is a 
chasm, other than morphological, which presents a barrier 
against the operation of the law of evolution, and which it 
seems to be necessary to fill by more gradual steps U^fon* the 




**di»«»eTit of man*' will h** acceptabie ro the averaj^e phiIo&>- 
ph<*r. H«*nrp. <»v«»ry variation in the human r^keleton which 
tend**, on <5ood authority, to obliterate the dis^tinetion between 
man and the other Priraate?» ha» been >4<»rutiTiize<l bv the mo«»t 
9ear(»hin^ fonipariaonn and in »»everal instanei*** the interme- 
diate fornix have be#*n announc!ed. On making^ more profound 
^tiidy. however. f*uch dii^overie<» have failed to ^tand the te^t 
and have been ax<»igned at la*»t to -^ome of the tfava^^ types of 
the human family an now known. At the present time not 
one of thefie varietal form?* ran be •♦aid to occupy the interme- 
diate position between man and the ape, on the evidence and 
authority of the mont expert anthropologisti*. 

The Homo neanderthalen^*i:». of King, subjected to a com- 
parison with Aus»tralian ab^>rigines by Huxley, was considered 
by him in no senile intermediate between man and the apes. 
Ar-cording to his view this skull resembleil the crania of the 
people of Denmark during the stone period: and according 
to .Sir William Turner it was clot?ely paralleled by skulls of 
existing savage races and even by occasional specimens of 
xn(v(\erT\ European crania. This conclusion is now generally 
accepted by anthrop»ologists. The neanderthaloid characters 
arf* found to be not unr-ommon among the crania of savage as 
well as civilized races. 

The "man of Spy" made his debut in \h%6. His sponsors, 
MM. Fraipf>nt and Lohest, classed him with the man of the 
Neander valley. The an tero- posterior curvature of the con- 
dyles of the femur and the modification of the head of the 
tibia of the man of Spy were characters which indicated a less 
erect pf>sition than man assumes at the present time. It has 
since been pointed out, however, by Prof. Arthur Thomson 
and by Prof. Manouvier, that the squatting habit, and other 
attitudes habitually assumed by savage man. operate power- 
fully in modifying the articular areas of some of the great 
bones of the skeleton and particularly of the tibia, the femur 
and the pelvis. The head (»f the tibia by this means is sub- 
ject to great retroversion. This is seen in the tibia* of neo- 
lithic men, in some modern Parisians and most of all in cer- 
tain Indians of California. It is evident, therefore, that this 
peculiarity is by no means characteristically simian, and the 
man of Spy retains his place alongside of the really human 
forms of the genus Homo. 
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Last of all, Pitheccanthropus erectus has appeared, from 
Java. Dr. Eugene Dubois has given the details of the dis- 
covery and an elaborate description of his anthropoid fea- 
tures. His descriptions and conclusions have been widely 
published and have met with cautious and partial acceptance. 

The materials on which Dr. Dubois bases his conclusions 
consist of a skull, a tooth and a femur. The skull is interme- 
diate in size, between the average gorilla and civilized man, 
but when compared with the average skull of savage man, as 
has been done by Sir Wm. Turner,* who assumes the Austra- 
lian as a fair example of the modern savage, the fossil skull 
falls but little below the average of the male and exceeds the 
size of the female. Skulls of other savage races, such as those 
of the Andaman islanders. Admiralty islanders, Bush people, 
Veddahs and hill tribes of India, range about the same in size* 
as the skull from Java. 

The third upper molar tooth was not immediately connected 
with the skull, but was found at a distance of one metre from 
it and the femur at a distance of fifteen metres. The remains 
may have resulted from ditferent individuals, and in the 
opinion of Prof. Turner the tooth has strong evidence of not 
being human, but rather the tooth of an orang, which still in- 
habits Borneo and Sumatra. 

As to the femur, while exhibiting some peculiarities by 
which it departs from the normal human femur, and assumes 
characters which, in the opinion of Dr. Dubois, mark it as de- 
rivable from the anthropoid apes, yet it is also found, by 
comparison with a large number of human femora, that, ac- 
cording to Prof. Turner, the same peculiarities are occasionally 
met with, and hence they lose their value as criteria for differ- 
entiating this bone from human remains At best, this femur 
is assignable to the Neanderthal race, which by all is consid- 
ered of human and not of simian type. It should be remarked 
also that the distance which separated the femur from the 
skull, and the comparative freshness of the former, render it 
extremely improbable that they came from the same skeleton. 

Hypothesis, therefore, and hypothesis only, supports as yet 
the derivation of man from the ape. n. h. w. 

♦Proceedings of the Royal Society of Edinburgh, vol. xx. 
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Thb Law of Peioritt. 
J. T. Ciinninji^ain, M. A., declares that the law of prioritr 
in zoological nomenclature i» a dead failure ( y*itHraf Srienrt^ 
May, 1896). Perturbation in En^and upon the question of 
whether it is* or not 'n* at present very deep, but to an Ameri- 
can paleont^loj^j*t such a declaration as the above seems oat- 
right sedition, or, if not that, to evince, at least, a pathologic 
condition among nomenclators, for it is quite evident that this 
law once set aside nothing can result but anarchy and chaos. 
Admitted that the action of the law may work a percentage 
of injustice, it is a mere soupi;on compared with its righteoas 
consideration of authors and the comfortable sense of peace 
it brings to its adherents. And what has Mr. Cunningham to 
offer as its substitute? Nothing: for there is nothing. To 
go back to the very same raw and disordered methods which 
precipitated the law of priority, to use names as suits the 
fancy, or those which have no other claim than currency, this 
is certainly laying up wrath against the day of wrath. The 
best paleontologic work of late years in this country shows 
that American workers abide by the injunctions of this law 
with a fervent devotion and are hence a peaceable and happy 
community. j. m. c. 

Dji.<^ Thierreich. 
It has been suggested that the German Zoological Society, 
which has undertaken to prepare, under the direction of Prof. 
F. E. Schulze, a description of every species of living animal, 
'*^Das Thierreich," append thereto an account of all extinct 
species. A writer in Xntural Science has calculated that 
'•F>as Thierreich, "if carried out in accordance with its preseift 
plan, will contain 128,700 pages and, without binding, make 
a row of b<»r>ks upward of 40 feet in length. An equally com- 
plete paleontologieal appendix would add a few yards to the 
length of the work, but is not an impossible task in spite of 
the imperfections of fossils. Such a realization of Neumayr's 
drfara would l>e of immense value to students. J. m. c. 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 

Bulletins of American Paleontology, Vol. J, No. 4. The Midway 
Stage. By G. D. Harris. 8vo, 156 pp., 17 plates. Ithaca, June 11, 
1896. This important monograph of the lowest stage of the southern 
Eocene and ita fauna is largely based on the personal observations and 
collections of professor Harris, over almost the entire area in which the 
horizon is known to occur. The author has also made good use of the 
results of previous workers in the same field, and has studied their type 
collections so far as they are now available. 

After a brief historical sketch of the subject, the Midway stage is 
defined and reasons are given for adopting this name rather than one of 
the numerous synonyms that are listed in full. The classification of 
the Eocene adopted is as follows : 

6. Vicksburg stage, 
5. Jackson stage, 
4. Claiborne stage, 
Eocene Series ^ 3 j^„^^ Claiborne stage. 

2. Lignite stage, 
1. Midway stage. 

The Midway is made to include the Matthew's Landing and Black 
Bluff clays of Smith and Johnson. As thus defined, it is about 200 feet 
thick, and it contains the oldest marine Eocene fauna of the Gulf 
Border region. "Lithologically the Midway beds are subject to rapid 
changes. We have seen a firm limestone grade out laterally, within a 
few yards, into an incoherent sand. What is black clay on one river is 
often represented by calcareous layers on another; but upon the whole, 
the lower beds of the stage are sandy, clayey and calcareous, while the 
upper are generally clayey.'' 

This horizon has been recognized by its fossils, at many localities, in 
a zone immediately above the uppermost Cretaceous beds extending 
from the Rio Grande, some distance above Laredo, through Texas, Ar- 
kansas, Tennessee, Mississippi and Alabama, to Fort Gaines, Georgia, 
on the Chattahooche river. As might be expected, the fauna collected 
from such a long coast line shows some variation, and this is especially 
noticeable in the Chattahooche section, where the beds are mostly cal- 
careous. Professor Harris is probably right in attributing these varia- 
tions to differences in the character of the sea bottom. Similar varia- 
tions in the sediments and life of the upper Cretaceous of the same 
region have been noticed, though in this case the calcareous elements 
are nearly absent on the Chattahooche and rapidly thicken westward in 
Alabama and Mississippi. 

The most important stratigraphic fact recorded is the discovery that 
the basal Eocene of the southern states is not conformable on the upper 
Cretaceous, but the contact gives evidence at many places that there 
was an erosion interval between them. This is shown by an irregular 
surface, by lines of pebbles, and by the occurrence of rolled fragments 
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of Cretaceous fossils in the lowest layer of the Eocene. A similar case 
of redeposited Cretaceous fossils in the Eocene has been reconled from 
the neighborhood of Wilmington, N. C. but the exact horizons involved 
were not determined with sufficient accuracy to permit its use as evi- 
dence of a general non -conformity. The complete change in the marine 
invertebrate fauna, in passing from the latest Cretaceous to the £kx,*ene, 
which is only emphasized by the present work in which every known 
species from the lowest Eocene ptage is figured, has long caused pal- 
eontologists ^o believe that there could not have been continuous depo- 
sition from the one to the other, but the horizontal position and 
Pimilarity of the beds has made the recognition of the stratigraphic 
break difficult, especially when, as at IVairie Bluff, Alabama, 100 feet 
of the Eocene has usually been assigned to the Cretaceous and the con- 
tact has consequently been sought at the wrong horizon. 

No exact correlation is attempted with the Eocene of Europe, though 
the author states that there is a general similarity of faunas, usually 
without specific identity, in the basal Eocene of the two regions. The 
Midway fauna is more closely related to the fauna of Maria Farina, 
Brazil, which was described as Cretaceous, but is referred to theEk)cene 
by professor Harris. Whether the Brazilian fossils are Eocene or not, 
the fauna of about 140 molluFcan species described and figured in the 
body of this work are unquestionably Ek)cene and show but slight re- 
lationship with our latest Cretaceous fauna. So far as known they have 
not a single species in common. 

Lack of space forbids a detailed review of the biological features of 
the Midway fauna. Of special interest are the first record of the oc- 
currence of ReiloHtoma and Perna in the American Eocene, and the 
extension of the range of the Nautiloid genus Enclimatoceres through 
the whole thickness of the Midway bedp. The reviewer has collectetl a 
similar species of Perua in the lowest Eocene beds of California. 

Three other important papers, by Prof. Harris and Mr. T. H. Aldrich* 
on Tertiary faunas have already appeared in this series of bulletins and 
the gratifying announcement is made that the present monograph is to 
be followed by similar ones on the other Eocene faunas. 

Attention should be called to the omission of an index, which in a 
work of this kind, treating so many species, is a serious matter to the 
busy worker. It is doubtless the intention to index the whole volume 
of which this forms a part, but such large paleontological papers, com- 
plete in themselves, should be indexed independently. For similar rea- 
sons, as well as to improve the appearance of the page, it would be 
better to use a greater variety of type in the descriptions of the species, 
especially in the headings. t. w. s. 

The Fauna of the Magnesian Series. F. W. Sardeson. (Bull. Minn. 
Acad. Nat. Sci., vol. iv, no. 1, pp. 92-105, plates 5 and 6, 1896.) This 
paper consists chiefly of a succession of very brief notes and descriptions 
of twenty-nine species (two trilobites, five brachiopoda, seventeen gastro- 
poda and five cephalopoda— eighteen of them new) which have been ob- 
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served by Mr. Sardeson in the Sbakopee, Oneota, Jordan and Saint 
Lawrence formations of Minnesota and Wisconsin. These notes are 
preceded and followed by four and one-half pages of matter devoted to 
subjects as follows: (1) A statement of the object of the paper; (2) an 
enumeration of the lithologicai divisions of the **Lower Magnesian" and 
'^Potsdam" of the upper Mississippi basin; (3) general remarks on their 
faunas, in which the author expresses the opinion that the *'Shakopee 
is faunally separate from the Saint Peter above and to a less degree also 
from the Oneota below," and that the Oneota, Jordan and Saint Law- 
rence formations are closely related to each other and faunally distinct 
from the St. Croix sandstone beneath them: (4) remarks on preserva- 
tion of fossils: (5) table showing vertical range of species; (6) list of and 
critical remarks on Lower Magnesian species described from Iowa by 
profeFsor Calvin: (7) list of Lower Magnesian fossils described by Whit- 
field and A. Winchell and remarks on the same: (8) a statement to the 
effect that the Shakopee fauna is most like that of the "Upper Calcif- 
erous,'* while **that of Oneota, Jordan and St. Lawrence is likewise 
comparable to the Lower Calciferous of New York;" and, finally, (9) a 
paragraph devoted to the '*biological side of the question," in which we 
find the very true observation that **to associate the species Raphinto- 
ma leioHomellum^ R. lewistonense, R. minneaoieniie and R. oiveni is to 
extend the limits of the genus." From the table showing vertical range 
of species we learn, and this is perhaps the most important fact estab- 
lished in this paper, that all of the seven species found in the Shakopee 
are restricteci to that formation, while of sixteen Fpecies found in the 
Oneota, five occur also in one or both of the two formations immedi- 
ately beneath. 

Concerning the various species, especially the Gastropoda, many of 
which are represented in the reviewer's cabinet, we are led to remark 
that Mr. Sardeson seems to have had anything but a clear conception 
of their generic affinities. His descrijitions of new species also, consider- 
ing the poor character of the illustrations, are too brief and quite devoid 
of anything like comparisons with previously known forms. Evidently 
he proceeded to name his fossils without comparing them with species 
described from equivalent rocks in other regions. Naturally such work 
is very liable to swell the list of synonyms and it will be extraordinary 
indeed if Mr. Sardeson escapes entirely the responsibility of having pro- 
posed one or more unnecessary names in the paper under discussion. 
One already is evident in his March inonia argylensis, which, with good 
specimens before us, we do not hesitate to pronounce the same as M, 
anna Billings. The apical angle of this shell is given by Mr. Sardeson 
as 160*^. It should be 15^^ or 16®. We assure him also that the band is 
not central but lies in the lower third a short distance above the suture. 

The carina or angle forming the lower boundary of tlie flattened outer 
face of the whorls of his Helicotoma {?) peccatonica, as well as the 
shape of the shell in general, is indicative of Trochonenin and not Heli- 
cotoma. The species seems to V^e related to T. exile Whitfield. His 
Raphistoma Jew intone nse, on the other hand, should have been referred 
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to Helicotoma. OpfUleta alturensis, Raphistoma minnesotense and 
B, oweni are doubtless congeneric, and if one is an Ophileta the other 
two are also. Whatever position they may occupy ultimately it is cer- 
tain that they are quite distinct from Raphistoma. Of the five species 
referred to the latter genus by Mr, Sardeson, only one, R, ruidum, 
probably belongs here. The Straparollus intralobaius we would call an 
Eccyliomplialus with contiguous whorls. Subulites exactus should have 
been compared with S. calciferus Billings. Like that species, it is a 
FuBtspira and not a Subulites. e. o. u. 

The Fauna of the Cambrian of Tejrovic and Skrej in Bohemia. By 
J. F. PoMPECKJ. (Jahrbuch der k. k. geol., Reichsanstalt, 1885, 45 
Band, 3 Haft.) We owe to Dr. Pompeckj^s pen a very full and lucid 
account of the Cambrian strata and fossils of the above localities in 
Bohemia. The clay slates of the Paradoxides beds i>ass downward, 
after the intervention of a sandstone bed and felsites, into conglomer- 
ates and sandstones, in the lower part of which another Cambrian 
fauna has been detected. These rest upon porphyry and diabase which 
overlie graphitic clay-slate, the true Etage **B." 

It would seem from this essay that a part of Barrande's Etage B is to 
be referred to the Cambrian, there being a discordance in this stage, 
and the upper part containing a Cambrian fauna. 

The Etage C has been divided by the Bohemian geologists, who find 
two subfaunas of Paradoxides, the upper of which is the primordial 
fauna as kuown to Barrande [though he was acquainted with a number 
of species that come from the lower subfauna]. The lower subfauna 
contains Paradoandes rugulosus, the upper P. bohemicas (cf P. tissint). 

A Lower Cambrian fauna is referred to the Olenellus grouping, 
though the genus has not been recovered from it. but the crustaceans 
that do occur are of different species from those of the Paradoxides beds 
above and some genera are different. 

A full description of these faunas is given by Dr. Pompeckj, and a 
number of new species are described. 

The cystidians are well represented and a new genus, Siromato cys- 
titeSi is described. 

The brachiopods are represented by four genera: the Obolus (?) bo- 
Iiemicus of Barrande is referred to Acrothele and another species of this 
genus described.* A minute species of Acrotreta, near A, socialis v. 
Seebach, is described, and a Lingulella. Two species of Orthis, one of 
the ''Middle Cambrian" (Paradoxides bed) O. romingeri Barr.,t the 
other in several varieties from the Lower Cambrian (Olenellus zone). 

Five species and one variety of Agnostus are cited; the species were 
described by Barrande. 

The species of Paradoxides and Hydrocephalus were described by 
Boeck, Cordaand Barrande, except one, which is claimed as new (P. 
jahni); this species is quite like Hydrocephulus saturnoidea Barr. Dr. 

♦Compare this with A. matthewi var. costata. See "Protolenus fauna." 
tCompare with O. {ProtorihU) quacoenait. Trans. Roy. See., vol. iii. 
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Pompeckj, therefore, appears to assign Hydrocephalua as a subgenus of 
Paradoxides. 

Under the OlenidsB he includes Conocoryphe, Ctenocephalus, Cono- 
cephaiites, Ptychoparia, Solenopleura, Agranlos, Ellipsocephalus, Pro- 
typus and Sao. In addition to a number of well known species of 
Barrande and Emmricb, Dr. Pompeckj describes some new forms from 
the Paradoxides beds — a variety of Ptychoparin striata and one of Ag- 
nostus integer Barr. But the most notable additions are] in the fauna 
of the Olenellus zone, Lower Cambrian, consisting of a Protypus (?), an 
Eiiipocephalus, two Solmopleura (one species referred doubtfully), an 
Agraulos and two species of Ptychoparia. The Protypus is defective 
and doubtfully referred. In the long glabellas of some species and the 
continuous sy lobes of others the fauna shows relations to that of Proto- 
leua, but all the species and several genera are different. 

A portion of the memoir is given to a comparison of the^fauna of the 
Lower Cambrian with the corresponding faunas of other regions, espe- 
cially of Great Britain, Scandinavia, Estland (Russia) and Sardinia. 
Another part of the work is given to an analysis of the fauna of the Bo- 
hemian Paradoxides beds and a comparison with those of other coun- 
tries — Great Britain, Scandinavia, France, Spain. 

The memoir is accompanied by five excellent plates of the species 
found at Tejrovic and Skrej. G. f. m. 

Geological Survey of New Jersey^ Annual Report for the year 1805. 
John C. Smock, State Geologist. (Pages xl, 198, with seven plates and 
nine figures in the text. Trenton. N. J., 1896.) The administrative re- 
port of the State Geologist comprises 24 pagep, in which the work dur- 
ing the past year in all the branches of the survey is concisely reviewed. 
Four reports, with more full details, are given, the first being by Prof. 
RoLLiN D. Salisbury, on the surface geology ; the second by Dr. J. E. 
Wolff and Lewis G. Wf.8Toate, on the Archean geology of the High- 
lands in northern New Jersey, and especially of the northern part of 
Jenny Jump mountain, in Warren county ; the third by Lewis Wool- 
man, on artesian wells in southern New Jersey : and the fourth by C. 
C. Vermeule. John Gifford, and Giffokd Pinchot, on the forests of 
the State. 

The report of Prof. Salisbury, who was assisted by G. N. Knapp, gives 
considerable descriptions of the Beacon Hill, Pensauken, and James- 
burg formations, which were formerly classed together as the " Yellow 
gravel," The first of these three divisions is referred to the Miocene 
period, and the second to the Lafayette period (according to the last 
preceding annual report of this survey), while a part of the third, in its 
latest and topographically lowest development, is found to be equivalent 
with the ** low-level Columbia '' formation of the states southward and 
with the Trenton gravel of the Delaware valley. A map shows the scat- 
te red areas where the Pensauken or Lafayette formation has been spared 
by subaerial erosion, stretching across the state from Salem county, 
opposite to Wilmington, Del., northeastward to the Raritan river be- 
tween New Brunswick and Perth Amboy. Continuing eastward from 
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the **Iayer of no strain." Estimates published a few years apo when 
the topic was first discussed placed this stratum at a depth of about 
two miles below the surface. But it was pointed out at the time that 
BO small a depth could not be sufficient, because many cases were known 
in which strata have been brought to the surface by folding from far 
greater depths. This is the case, for instance, in the Appalachians, 
where rocks that were once covered with eight miles of other beds are 
exposed to the day. 

Mr. Davison says, "Estimates of the depth of the surface of no strain 
have hitherto been founded on the assumptions that the conductivity 
and coefficient of dilatation are constant." But taking the other datum 
that these factors increase with the temperature and following out the 
calculation, Mr. Davison comes to the conclusion that with an initial 
temperature of 7,000^ and a period of 100,000,000 years the level of no 
strain would be at the depth of nearly 8 miles. Evidently, however, 
even this increased depth will fail to satisfy the physical geologist, as 
shown above. Mr. Davison, however, siiys, **The numerical results here 
obtained cannot be regarded as reliable. They are given for their qual- 
itative rather than their quantitative value," and concludes thus, **If 
we regard the contraction theory as a theory of the formation of moun- 
tain ranges only and not necessarily of the continental masses, we 
may, I think, conclude that calculations as to its alleged insufficiency 
are at present inadmissible." e. w. c. 

The Great Valley of California : a Criticism uf the Theory of Isos- 
tasy. By F. Leslie Ransome. (University of California, Bulletin of 
the Department of Geologj', vol. I, pp. .371-428, Berkeley, Cal., May, 
1896. Price, 45 cents.) The valley plain of the Sacramento and San 
Joaquin rivers, with its continuation in the area of interior drainage 
tributary to Tulare lake, has a length of about 4(X) miles and an average 
width of 50 miles, giving it an area of 20,000 square miles. Excepting 
at San Francisco bay, this lowland plain is entirely enclosecl by moun- 
tains, its eastern and western l)oundaries being respectively the Sierra 
Nevada and Coast ranges. It dates from the time of great orogenic dis- 
turbance at the close of the Miocene pericxi, by which the Coast ranges 
were first uplifted as a connected mountain chain ; but the principal 
topographic features may bo said to have their origin in the long subse- 
quent Early Quaternary faulting and westward tilting of the Sierra 
Nevada belt, raising its eastern border to its present great bight, while 
at the same time the Coast mount^iins were again greatly uplifted. But 
these orogenic movements on lK)th sides of the valley plain have been 
also continued, as the author affirms, during the Pleistocene period, 
with their antithesis in the progressive subsidence of the intermediate 
valley belt, upon which Quaternary sediments from the waste of the 
mountains have been deposited to a maximum thickness exceeding 2,000 
feet. The relationship between the sedimentation and the subsidence 
is shown to be discordant with the theory of isoetasy, as applied to such 
restricted areas of the earth's crust, though perhaps not opposi?d to its 
application to continents and ocean basins. w. u. 
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r. ffftremnu^nt umi State Repi>Hs, 

iTith lH!^3-"Wt Ann. R«»pt. C S. G*»oJ. 3urv.. xiv and TTw pp., 48 pla.. 
IftflT). Pr*>iiminar>* pap«*ron thp i5eol«>i?y of the <tonunon mada of the 
fJnitpfl Stat/n*, M. >1. iHhalpr: Thi* Potomac formation. L. F. Ward; 
SHk^trh of th«* dreoioi^ of the Ban Franciaco peninsula. A. C. Lawson: 
Pr^-iiminarj- r»*pnrt on rh^ ^farqueftf^ iron hwurinsp tiistriet of 3ftichi<fan. 
f. R. Van KiP<* anrl W. ?i. Bay ley. with a chapter on the Republic 
trough. H r^r. >Jmyth: The ')rii^n antl n^laciona of <.*entral Maryland 
fifrjfnit.^<». C. R, Kt^yr^: with an in tm< I action on the j^neral relations of 
th^ i^rMnitir* rf^itA in the mifiiUe Atlantic Piedmont plateau. G. H. 
Wi!!iHm«i. 

Ann. R^pt. N*»w Jersey r><i|. Surv. fi)r L880. xl and 198 pp.. 7 pls-, 
\^.ifp Cm <'aHWt*!litp. an aiterwl hiotite from Franklin Furnace. X. J.. 
\. K. r:ho«t**r: SurfaiTP jrp<^»loey report of proiiresiB. R. D.Salisbury: 
R**]*^»r^ '►n .\r'"h»*Rn treoioj?}-. T. E. W.nif: The ir^iUjify of the aorthem 
p«r|- of J<'nny Jiimp [nmintain. m Warren «!t)anty, >♦. J., L, G. West- 
if/it*': R^p^>rt on Hrt**«ian w«>IIh m i»outh»*m >»ew Jersey. Lewis W(X>lman. 

f.i. StHtf' Mii<*. Nat. Hiflt., hull. 10. 1)1 pp.. .1 pla.. July 10, ld96. Some 
nor jy>/'fipM '.f p>'hinf>rlermata anil a new vrruataeean from the Palaeo- 
//.u- r-.fk'j, H. A. >fill**r an<l W. F. E. Gurley. 

ff. prrtrpifflhujA nf SriVntijit: Si}<*ietie!i. 

TrAft^, Wa^nep Fr^e fnst. of Soi.. vol. 4. xiv and 61 pp.. 19 pis., Jan., 
|jW». F<'»flail v^^rt^-brates from the Alachna clays of Florida, Joseph 
f/^i#ly (f^fhfff] by F. A. Lncafl.. 



Recent Publications, 191 

Proc. A. A. A. S., 4-lth meeting (Springfiekl, Mass., 1895), cxix and 
414 pp., Salem, 1896. Contains the following abstracts of papers relat- 
ing to geology: Gotham *s cove, or fractured rocks in northern Vermont, 
C. H. Hitchcock; Recent discovery of the occurrence of marine Creta- 
ceous strata on Long island, Arthur Hoi lick: The relations of primary 
and secondary structures in rocks, C. R. Van Hise; Geological notes on 
the isles of Shoals, H. C. Hovey: Subdivisions of the Upper Silurian in 
northeastern Iowa. A. G. Wilson: Supplementary notes on the meta- 
morphic series of the Shasta region of California, J. P. Smith: The 
great falls of the Mohawk at Cohoes, N. Y., W. H. C. Pynchon; Geo- 
logical canals between the Atlantic and Pacific oceans, J. W. Spencer; 
Recent elevation of New England, J. W. Spencer; View of the Ice age 
as two epochs, the Glacial and Champlain, Warren Upham; Terminol- 
ogy proposed for description of the shell in Pelecypoda. Alpheus Hyatt; 
A resurvey of the whirlpool and vicinity of the Niagara river, with a 
demonstration of the true geology of the locality, G. W. Hoi ley; Gla- 
cial phenomena between lake Champlain and lake George and the Hud- 
son, G. F. Wright; The Archean and Cambrian rocks of the Green 
Mountain range in southern Massachusetts, B. K. Emerson; The geol- 
ogy of Worcester county, Mass., B. K. Emerson; Interesting features 
in the surface geology of the Genesee region. New York, H. L. Pair- 
child: Distribution of sharks in the Cretaceous, C. R. Eastman; Ac- 
count of the discovery of a chipped chert implement in undisturbed 
glacial gravel near Steubenville, Ohio, G. F. Wright. 

Proc. and Trans. Nova Scotian Inst, of Sci., vol. 9 (2nd ser. vol. 2), 
pt. 1, 189(5. Notes on concretions found in Canadian rocks, T. C. Wes- 
ton: The iron ores of Nictaux, N. S., and notes on steel making in Nova 
Scotia, E. Gilpin, Jr.; A foraminiferous deposit from the bottom of the 
north Atlantic, A. H. Mackay; Notes on the geology and botany of 
Digby Neck, L. W. Bailey. 

Trans. Kansas Acad. Sci., vol. 14, 370 pp., Topeka, 1896. On the 
analysis of the deposit from a chalybeate water, E. C. Case; On the 
constitution of a natural oil from Wilson Co., Kans., F. B. Davis; A 
dying river, J. R. Mead: The Topeka coal hole, B. B. Smyth; Coal in 
Atchison Co., Kans., E. B. Knerr; Rock exposures about Atchison, J. 
M. Price, Jr.; The terminal boulder belt in Shawnee Co., B. B. Smyth; 
On the eastern extension of the Cretaceous rocks in Kansas and the 
formation of certain sandhills, Robert Hay; The river counties of Kan- 
sas — ^some notes on their geology and mineral resources, Robert Hay: A 
bibliography of Kansas geology with some annotations, Robert Hay. 

Annals N. Y. Acad. Sci., vol. 9, Nos. 1-2, June, 1896. The monoclinic 
pyroxenes of New York state, Heinrich Reis. 

///. Paj)erH in Scientific Journals. 

Science, June 5. On the detection of glacial striae in reflected light, 
F. C. Schrader; Occurrence of uintaite in Utah, G. H. Eldridge. 

Science, June 12. The Smeeth separating apparatus, J. S. Diller; 
Current notes on physiography, W. M. Davis; Variations of glaciers, 
H. F. Reid. 
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Science^ June 26. Fisiu^, liTing and UmtaL, Th«o. GpiII; Cormit notes 
oo physioffpraphy. W, M, Davis. 

Science. July ^. The Lacoe collection in the National Maaeiun, G. 
B. Goode; Note oo the Devonian Palaeospoodyliia, Theo. Giil- 

Science, Joiy 10. Work of the United States Gpeoio^kal Surrey for 
the fiscal year 1896-97. W. F, Morsell; Current notes on physiography, 
W, M. Davis, 

Science, Jaly 17. A central Wisconsin baseievel, C. R. Van Hise. 

Science, July 24. Recent hydrofipraphic examinations in the Appala- 
chian area, C. C. Babb: Current notes on phynugraphy, W. M. Davis. 

Nat. Geographic Mag., Jane. The Seine^ the Meose and the Moselle, 
W- M. Davis. 

Joom. of Geol., May-June. Classification of marine Trias, J. P. 
Smith: The geology of the Little Rocky moon tains, W. H. Weed and 
L. V. Pirmon; Schistosity and slaty cleavage, G. F. Becker: Deforma- 
tion of rocks. III. C. R. Van Hise: Large scale maps as geographicad 
illostrations, W. M. I>avis. 

Am. Jour, Sci., July. ObservatioD on percnsraon figures oo cleavage 
plates of mica, T. L. Walken Pearceite. a snlpharsenite of silver, and on 
the crystallization of polybasite, S. L. Penfield: Hydrology of the Mis- 
sissippi. 3, L. Green leaf: Preliminary note on the relation of certain 
body-plates in the dinichthyids, C. R. Eastman; Tertiary floras of the 
Yellowstone National park, F. C. Knowiton: New helodont reptile 
(Stegomus) from the Connecticut River sandstone. O. C. Marsh: Sepa- 
ration and its bearing on geology and zoogeography. A. E. Ortmann. 

Am. Joar. Sci.. .\og. Geologic efficacy of alkali carbonate solution, 
£. W. Hilgard: Northupite, pirssonite, a new mineral, gaylussite and 
hanksite from Borax lake. San Bernardino Co,. Cal., J. H. Pratt: Bear- 
paw mountains of Montana, second paper. W. H. Weed and L. V. Pirs- 
son; Compr)sition and structure of the Hamblen Co., Tenn., meteorite, 
G. P. Merrill; Wardite, a new hydrous basic phosphate of alumina, J. 
M. Daviifon. 

.\ppletfins' Pop. Sci. Month., July. Causes, stages, and time of the 
Ice age, Warren Upham. 

Same, Aug. The stone forests of Florissant, A. Heilprin: Sketch of 
W. W. Mather, with portrait. 

Technology Quart., March. The sea mills of Cephalonia, F. W. 
Crosby and W. O. Crosby. 

Kansas Univ. Quart., July. Hoplophoneus occidentalis, E. S. Riggs; 
On the dermal coverings of Hesperomis, S. W. Williston. 

Terrestrial Magnetism, July. A summarj- of the results of the recent 
magnetic survey of Great Britain and Ireland conducted by Profs. 
Rficker and Thorpe (contains a chapter on the relation between the 
magnetic and the geological constitution of Great Britain and Ireland), 
A. W. Kftcker. 
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An Ally of Daimonelix. In a paper published in the Geologist 
for June, 18i)5,* I called attention to the peculiar f^enus Daimonelix 
from Nebraska and some allied fossils from New York and Switzerland. 
These were the coiled **fucoid" known as SpiropJiyton, and certain fos- 
sil ''screw stones" described by Oswald Heer. While the actual posi- 
tion of the fossils in classification remains unsettled it is at the same 
time interesting to record any similar remains. 

On a visit to the geological department of the British Museum last 
March I was attracted by a specimen in one of the cases, a figure of 
which 1 subjoin. It was a mass of flint that had been broken and in the 




Flint atone in tho British Museum with a coiled fosj^il. 
interior of which was an upright stem with something coiled about it. 
It bore the label, **Annelid commensal, with a sponge." It was about 
four inches high, and came from a Cretaceous horizon. In general as- 
pect it bears a resemblance to the ''screw stones" of Heer and to the 
gigantic fossils of Nebraska, Da/mo/i('//>. While it would be rash to 
conclude that all these are of the same nature, it is at the same time 
interesting to note something of a resemblance. 

Joseph F. Jamf^, M. D. 
HingJiam, Muhh.j June 7.y, 7^".%*. 
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Prof. G. D. Harris, of Cornell University, is spending the 
summer in Alabama, making paleontological collections fo 
the University. (Science.) 

•Vol. XV, pp. 337-342, pi. 2. 
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Prof. J. Paul Goode, of the State Normal School at Moore- 
head, Minn., delivered two course? of lectures on physiography 
at the summer school of the University of Minnesota. 

William Williams Mather. A sketch, with portrait, of 
this geologist is given in Appletons^ Popular Science Jfonthljf 
for August. Mr. Mather is known especially for his fine work 
on the Geological Survey of New York during its early years, 
and also as the first state geologist of Ohio. 

Prof. G. Frederick Wright, in the preface of the new 
fourth edition of "The Ice Age in North America," dat^ 
last June, gives in seventeen pages an enumeration of the 
principal contributions to the literature of the glacial geology 
of this continent during the past five years, with occasional 
notes of comment and criticism. 

The California State Mining Bureau has recently issued 
(Bulletin No. 8, April, 1896) a statistical table showing by 
counties the mineral productions of the state for the year 
1895. The total product amounted to 122,844,664.29, or an 
increase of more than two and a half millions over 1894. The 
production of precious metals for 1895 was $15,934,107.39, of 
which almost |600,000 was silver and the balance gold. The 
table was compiled by Charles G. Yale, statistician, from 
direct returns from the producers. 

The four-tusked Mastodon. On page 325 of this magazine 
for May, 1895, in a notice of the Mastodons recently set up 
at Cincinnati, the remark is made that the Mastodon with two 
tusks in the lower jaw has been hitherto limited to the Old 
World. Referring to this passage, professor B. K. Emerson 
writes. "The museum of Amherst College contains a specimen 
of M. americanus with both the tusks preserved in the lower 
jaw. They are ten inches long and two in diameter." The 
same museum also contains the two lower tusks of M, shep- 
anli from California, described by Dr. Leidy. 

Prof. J. D. Whitney, of Cambridge, Mass., died at New 
London, N. H., Aug. 19, at 77 years of age. Prof. Whitney 
was graduated from Yale in 1839, and in 1840 he made an 
extended survey of New Hampshire. In 1847 he made a geo- 
logical exploration of the lake Superior region, followed by a 
survey of the mining regions of all the states east of the Mis- 
sissippi river. In 1855 he was appointed state chemist of 
Iowa and professor of the Iowa State University. In 1860 he 
was appointed state geologist of California and five years later 
he was made professor of geology of Harvard university. In 
1870 Yale honored him with the degree of LL.D. In a future 
issue the Geologist will contain a suitable sketch of this em- 
inent geologist. 
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Nansen's Polar Expedition. 

Tidings were received August 13th from Vardoe island, 
Norway, by the steamer Windward, on her return from carry- 
ing supplies to the Jackson-Harms worth expedition, announ- 
cing the arrival of Dr. Fridtjof Nansen in Franz Josef land. 
As reported by telegrams, he states that his steamer, the 
Fram, was frozen in the ice-pack near the end of September* 
1893, in latitude 78« 7* N. and longitude 133° 37' E., near the 
northwestern shores of the New Siberia islands. During the 
winter and spring they drifted to the north and northwest, 
reaching 81° 52* N. on June 18, 1894, after which, during the 
summer, the course of the drift was southerly. Changing in 
the autumn again to northward drifting, the}' reached the 
latitude of 83° 24', the farthest ever previously attained (by 
Lockwood and BrainArd), about Jan. 1, 1895. On Jan. 4 and 
5, while the Fram was frozen in floe ice thirty feet thick, 
this floe was overriden by ice masses which threatejned to 
crush the steamer. After escaping safely, however, from this 
peril, the drift continued toward the northwest. 

LfCaving the steamer and crew at 84° N. and 102° E., about 
midway between cape Chelyuskin and the pole, Nansen, with 
one companion, Lieut. Hansen, advanced afoot with sledges 
to latitude 86^ 14', lacking only 226 geographical miles to 
reach the pole. Thence turning back, they came to the north 
coast of Franz Josef land, and built a stone house in which 
they spent the winter of 1895-96. On June 17th of the pre- 
sent year, while Nansen and his comrade were setting out for 
a journey across the floe ice to Spitzbergen, they were met by 
Dr. Jackson, of the Jackson-Harmsworth expedition, who had 
wintered in a more southern part of Franz Josef land. Nan- 
sen believes that the Fram, in charge of Capt. Sverdrup and 
the others of the crew, whom he left in good health, will 
successfully endure the long ice drift, and that even this year, 
having been carried into open water, the Fram may safely re- 
turn to Norway. 

The drift carried the Fram more westward and less pole- 
ward than was hoped, and its release from the floe ice will be 
apparently between Franz Josef land and Spitzbergen. After 
passing latitude 79°, northwest of the New Siberia islands, 
the sea, to that latitude no more than 90 fathoms deep, was 
found to increase rapidly in depth to soundings of 1,600 to 
1,900 fathoms. 

Postscript. On August 20th, just a week after the first news 
from Nansen, and after the foregoing had been written, the 
prophetic expectation of the intrepid explorer for the return 
of his ship and crew was verified by a telegram from Capt. 
Sverdrup, that the Fram, with all on board well, has reached 
the northern islands of Norway, on her way to the port of 
Tromsoe. w. u. 
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Pkof. H. B. PATTrtN, in a paper read before the Colorado 
Soientitic Society Nov. 4. 1895, describes and illustratee bed- 
ded volcanic congtoniernWr' and breccias in the upper Kio 
Grande valley. The depth of tlieee volcanic formations he 
etitimatee at thousands of feet. The rock is usually basic or 
andcsitic, consists of pebbles, boulders, etc., imbedded in a 
tenacions, tine a^h. Under rain and erotiion the rock takes on 
fantastic shapes and stands in isolated columns and peaks. 

The Polar Cac op Mars. Mr. Pcrcival Lowell has a dis- 
cussion of recent observations on the ice-cap of Mars in 
" Popnlar Astronomy" for September, accompanied by a 
chart showing its shape and various sizes from June 3 to 
Oct. 6, 1894. and the intersecting canals. The center of the 
cap is about 6" cxcentric from the geographic pole of the 
planet, and its most ni)rthern extension (the cap is on the 
south pole) is to abont latitude 65". The much discussed 
canals are explained as natural rifts in the cap along which 
the body of the planet is uncovered, or in which the oceanic 
waters enter. The entire cap is formed and melted annually. 

Facts ahoft the Great Lakes. Mr. P. Vedel has tabulated 
the physical features of the great lakes in a late number of 
the Journal of the Western Society of Engineers as shown 
below. 
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The Ixtkksatiosal (osohess of Geologists. 
The general eouiniittee of organization has issued through 
Messrs. A. Knrpinsky. president, and Th. Tschernyschew, sec- 
retary, ft circular'of information concerning the seventh ses- 
sion of the International Congress of Geologists. The session 
will be held at St. Petersburg in the latter part of the month 
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of August, 1897, and will last about eight days. The meet- 
ings will not be held bj sections as at Zurich. They will be 
devoted to the discussion of general principles which in the 
present state of geological science are likely to lead to satis- 
factory results. And in Russia, specially, it is hoped, by the 
committee, that communications be made on important geo- 
logical work that has been undertaken, the results of which 
cannot yet be published, and, on new methods of scientific 
study not yet published. There will be special meetings with 
the diiferent scientific societies during the session of the Con- 
gress, at which both Kussian and foreign geologists may pre- 
sent communications on any new discoveries, new instruments, 
etc. Halls will be put at the disposition of members of the 
Congress for the exhibition of geological maps, profiles, spec- 
imens, etc. 

The excursions that will be made in connection with this 
session of the Congress will be a memorable feature. As was 
announced at the Zurich session, they will be of two sorts: 

1. Those designed to afford examination of certain inter- 
esting localities. 

2. Extended general excursions. 

The first of the extended excursions will be special with re- 
spect to the Ural and general with respect to the regions that 
will be traversed in order to reach that chain, and will take 
place before the opening of the Congress, i. e., from the 29th 
of July to the 22d of August. It will be under the direction 
of Karpinsky, Nikitin, Tschernyschew, Krasnopolsky and 
Stuckenberg. It will start from Moscow and will touch the 
following points: Riazan, Penza, Syzran, Samara, Oufa, Zla- 
tooust, Tcheliabinsk, Kychtym, Ekaterinebourg, Taguil, 
Kouchva, Perm, Kazan, Nijni -Novgorod, Moscow, St. Peters- 
burg. 

For those geologists who are interested in the region of the 
Volga there will be a variation in this excursion. The par- 
ticipants will visit, under the direction of S. Nikitin, the 
banks of the Volga, from Samara to Kazan, where they will 
rejoin the excursion returning from the Ural. 

At the same time as the excursion to the Ural another will 
go into E^thonia, under the guidance of Fr. Schmidt, where 
the participants will note the Cambrian, the Silurian and the 
glacial formations. This excursion will occupy about twelve 
days. 

It is also proposed to organize an excursion into Finland 
before the opening of the Congress. This will be under the 
direction of Messrs. Sederholm and Ramsay and will be plan- 
ned for the examination principally of the crystalline rocks 
and the glacial formations. 
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After the close of the Congress there will be a long excur- 
sion as follows : 

1. From St. Petersburg, visit Moscow and its environs. 

Dicision info three sections. 



Section B, 
2. From Moscow to 
N ijni -Novgorod : voy- 
age by steamer on the 
'\K)lga and to Vladi- 
kavkaz (under the di- 
rection of PavUiW and 
Amalitzky). 



Sectuni C. 
2. From Moscow to 
Kiew, by the Dnieper 
to Vladikavkaz (un- 
der the direction t)f 
Sokolow and Thio- 
philaklow). 



Section A. 

2. From Moscow to 
the basin of the Do- 
netz: study of the 
Carboniferous a e d i- 
ments in the region of 
Moscow, Kharhow, 
etc. 

Valley of the Do- 
ne tz (under the direc- 
tion of Tschernys- 
chew and Loutougin). 
Voyage to Vladikav- 
kaz and visit to the 
mineral waters. 

27ie three sections continue after reunion at Vindikavkaz. 

3. From Vladikavkaz to Tiflis, b}' the military road of 
Georgia; visit to the glaciers (under the direction of Loe- 
winson-Lessing). 

4. Tiflis and Bakou (guidance of Simonowitsch. Konschin 
and Sjogren). 

5. Titiis — Batouni. Visit to Tkviboul (under the guidance 
of Simonowitsch). 

6. From Batoum to Kertch. 

7. Kertch and other parts of the Crimea (guidance of 
Androussow, Lagorio, Golovkinsky, Vogt and Karakasch). 

10. Sebastopol. — Final meeting and close of the Congress. 

The whole excursion, from St. Petersburg to Sebastopol, 
will require about a month. 

From this general excursion there are to be six different 
variations for special points of interest in central and south- 
ern Russia, under guidance of some Russian geologists, the 
participants uniting again with the main excursion. 

An excursion will be organized to visit specially the Cau- 
casus direct, without stopping in central or southern Russia 
if a sufficient number of geologists express suoli a desire. 
This will take about twenty days. 

The committee desires to be informed, before the month of 
(Jctobcr, which excursion geologists will take part in. The 
expense attendant on these excursions will be carefully esti- 
mated and notice of each will be given later. 

His majesty, the emperor, has granted to all geologists who 
give, in sufficient time, their notilication of attendance on the 
(.'ongress. tickets giving free travel on the Russian railrt>ads 
during their stay in Russia, before and after the Congress, in- 
cluding the excursions. n. h. w. 
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DINICHTHYS PRENTIS-CLARKI. 

K. W. Claypolb, Akron, O. 
(Plate VII.) 

During the season of 1895 Dr. Clark found a specimen which 
he considered a new species of Dinichthys. He showed it to 
nie, and upon close examination there remained little doubt 
that his opinion was well founded. Its leading characters are 
accordingly given in the present note. Fortunately a consid- 
erable portion of the cranial armour was found, so that more 
details can be given of this than are known of some of the 
species hitherto described. 

From almost all the known forms it is readily distinguished 
by obvious differences. Two only resemble it so closely as to 
render confusion possible. These are />. ijouldi and D. in- 
ferrnedius. Of the former the mandible is only imperfectly 
known. But this shows a long cutting blade and merely a 
rudiment of the second cusp, whereas in the fossil now in 
hand the latter, though lost, was obviously present in life as 
shown by its remaining base, and the cutting edge of the man- 
dible was apparently short. But in regard to the latter char- 
acter, the broken condition of its upper edge makes a positive 
statement on this point impossible. The opinion expressed 
above is, however, supported by the beveled margin of the 
maxillary hereafter to be mentioned. 
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Prom D. intermeditui itfl f>6paration is not difllealt on the 
ground of flisse alone. The mandible, when complete^ did not 
exceed six or i^ix and a half inches in length, or less than half 
of that of the larger species. It in also much leas massive, 
but in general outline the two are not unlike. The eraniam 
alHo o<*curR entire, as in that ffpetries, and is figured in our di- 
agram. It nhows all the plates outlined in tile engraving of 
D, informed inn, given in the Axbrioas Geologist forOetober, 
1802 (Vol. x). The two sockets on the ex-occipital plates 
for receiving the tenons of the supra-scapulas are, as usual, 
broken, it being impossible to separate these plates so long as 
both are entire. The pre-orbital plates, though imperfect, 
indicate less prominence than in the cranium of />. interme- 
dium. The brain cavity is crushed in, the bone coTering it 
being thinner than the adjoining plates. The ethmoid is de- 
tached and only one-half of it was found. The two premax- 
ills^ remain nearly rn place, but so forced into the plate above 
them that they form prominences on the upper surface. They 
differ somewhat in form, perhaps in consequence of use, but 
it in worth notice that the grooves worn in the outer edge of 
the mandibles by friction ditfer in the same manner. The 
sensory canals are distinct, and their course may be more 
readily traced over the skull than in any other specimen yet 
figured. They are indicated by double dotted lines. 

Fragments of both suborbitals were secured, but they are 
too imperfect for figuring and present no peculiar characters. 

The maxillary tooth of the left ( ?) side is figured and 
shows three denticles near the point. It is almost certainly 
beveled by friction against the mandible. 

The medio-dorsal plate is small, measuring but seven and a 
half inches in extreme length (of which the narrow projecting 
stem takes up two and a half inches) by six inches in greatest 
width. It is almost perfect, as shown in the figure, but pre- 
sents no characteristic feature calling for notice. 

The supra-scapula or ante-dorso-lateral plate is remarkably 
elongate laterally and very short in the fore and aft direction. 
The well marked tenon is strengthened by a flange connecting 
its whole length with the main plate, which shows extensive 
underlapping surfaces on its exterior aspect. Fragments of 
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other plates have also been recovered, but they afford at pres- 
ent no additional knowledge regarding this or other species. 
I have much pleasure in naming this species after the son 
of its discoverer, whose enthusiasm in the work promise^ 
greater results in the future, Dinichthys prentis-cfarki. 



THE FORT UNION FORMATION. 

By Walter Harvet Weed, Washington, D. C. 

The Fort Union group is a name familiar to all students of 
the Cretaceous formations of the Northwest. First used by 
Dr. F. V. Hayden, whose explorations of the upper Missouri 
form the basis of our present knowledge and classification of 
the Cretaceous of the great plains country, the name designa- 
ted the great lignite group of the "Country around Fort Union, 
extending northward into the British possessions to unknown 
distances; also southward to Fort Clark."* At the time the 
name was given the formation was also identified on the North 
Platte river above Fort Laramie, and on the west side of the 
Wind River mountains. Afterwards it was extended so as to 
include all the beds referred later to the Laramie (excepting 
the Judith River beds), as well as some still older formations. 
Abandoned by its sponsor for the later term Laramie, the 
name retained its place in geological literature owing to the 
earnest efforts of Dr. J. S. Newberry, who maintained that the 
beds to which the name was first applied constitute a totally 
distinct and independent formation of later age than the 
Laramie.f In his last paper upon this subject professor New- 
berry expressed his views quite clearly and forcibly, paying 
tribute to professor Ward's scholarly paper upon the flora of 
the Laramie group, which he claimed was really a description 
of the flora of the Fort Union formation. A later paper by 
KnowltonJ accepts this view. 

It seems unnecessary and out of place in this paper to dis- 
cuss the relations of the Laramie group, except to show that 
the Fort Union group does not belong to it. The recent dis- 

*Proc. Acad. Nat. Sci.Phila., vol. xiii, 1861, p. d.33. 

tThe Laramie Group. Trans. N. Y. Academy of Sciences, vol. ix. 
No. 1., Nov. 4, 1889. Also Bull. G. S. A., vol. i, p. 524. 

{Fossil Plants from the Fort Union proup of Montana. Proc. U. S. 
National Museum, vol. xvr, p. 33, Washington, 1893. 
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+ Bull, 82. C. S. rif:olfigical Survey. Cretaceous. 
:.\. V. Lyr. Nat. Hist.. IX. 1*». p. 27. 
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The name Fort Union, applied to the Fort Union bede, was 
afterwards extended by Hayden to include all the lignite- 
bearing beds of the Northwest, for which the term Lignitic 
group* was afterwards used. 

By agreement with Mr. Clarence King, the term Laramie,f 
used for the prominent coal-bearing horizon of the region of 
the 40th parallel, was accepted by Hayden, who extended it to 
include all of his Lignitic group, and he included in this all 
the lignitic strata of Montana. Explorations in the upper 
Missouri region by C. A. White and L. F. Ward in 1881-3, T. 
W. Stanton in 1894, and at various times from 1884 to 1895 
by the writer, have shown that the lignite or coal seams of 
this region are of very different age, the oldest being Lower 
Cretaceous (Kootanie). A higher horizon, Belly River beds, 
occurs in the middle part of the Upper Cretaceous series, and 
other commercially available coal beds are found in the Fox 
Hills, in what is now discriminated as true Laramie, and in 
the upper series which the author has for some years tenta- 
tively designated as Fort Union beds. It is therefore evident 
that the Lignitic group of Hayden comprises strata of very 
ditferent age and relations, and that the application of the 
term Laramie as its equivalent has misled some investigators 
into a fundamental error that has vitiated conclusions reached 
in the discussion of the relationships of the Laramie, based 
wholly or in part upon the facts gathered in the upper Mis- 
souri region. 

fjirinriston format ion. — In pursuance of the geological work, 
of the U. S. Geological Survey in Montana, in has been the 
duty of the writer to map the areal geoiog}' of some 10,000 
square miles along the eastern border of the Rocky mountains, 
and to make a reconnaissance of other i)arts of the state. In 
the course of this work it soon became apparent that the use 
of the term Laramie group would have to be restricted to des- 
ignate the series of brackish and fresh-water beds, usually 
coal-bearing, which terminated the Cretaceous. This distinc- 
tion, which accords with the original definition and usage of 
the word, was necessary because it was found that, while per- 
fect conformity apparently existed throughout the strati- 

*Prc)o. Acad. Nat. Sei. Phila.! vol. xviii, p. 4aS, Dec. 1861. 
tU. S. Geol. Explor. 4Uth Parallel, vol. i, p. .^U. 
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graphic series exposed in eastern Montana, from the Dakota 
upward, yet along the Roekj mountain front- the coal-bearing 
Laramie beds are succeeded bj a great series of beds that are 
of peculiar lithological character and possess a distinct flora 
nearly identical with that of the post-Laramie Denver beds of 
Colorado, and show in several places marked unconformi^ 
with the Laramie, both stratigraphicallj and in the composi- 
tion of the conglomerates found in the series. This series of 
beds the writer designated as the Livingston formation,* and 
tjie conclusions as to its age &nd relation to the Laramie have 
been confirmed by conclusive evidence gathered by Dr. A. C. 
Peale, in the vicinity of the Gallatin valley.f 

To clearly understand the importance of the Livingston and 
of its occurrence between the Laramie and Fort Union forma- 
tions, the evidence may be summarized as follows: The Liv- 
ingston formation is post-Laramie. It is formed chiefly of 
assorted and water- worn volcanic material, rests unconform- 
ably upon Laramie and all the earlier Cretaceous terriines of 
the region, and includes conglomerates, recording a pro- 
longed period of post-Laramie uplift and erosion; it i^ cbar- 
terized by a flora of post-Laramie type and by a purely fresh- 
water fauna. 

Fort Union Formation. The plant and invertebrate re- 
mains characteristic of the strata at the type locality consti- 
. tute a peculiar flora and fauna. The characteristic species of 
this locality have been recognized in the beds overlying the 
Livingston formation near the Crazy mountains; and as this 
is the only region known where the Cretaceous, including the 
Laramie formation, is succeeded by both the Livingston and 
Fort Union formations, its occurrence here will be described 
somewhat fully. 

In the region north of the Yellowstone river, less than 100 
miles north of the National Park, the imposing group of peaks 
known as the Crazy mountains is the most conspicuous fea- 
ture of the landscape. These mountains are formed of Living- 
ston beds, conformably overlain by a series of sandstones and 
clay-shales, characterized by fresh-water fauna, and llthologi- 

♦Bull. 105, U. S. G. S. 

tThree Forks, Montana, Greological folio of the U. S. Geolo^cal Sur- 
vov. 
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cally distinct and readily differentiated from tiie somber 
colored sandstones of volcanic material composing the Living- 
ston beds. The plant remains from these beds are not of 
Laramie nor of Denver bed types, but are species character- 
istic of the strata in the vicinity of Fort Union, and that 
name is therefore adopted for the formation. As will be 
shown lat«r, the formation is one of widespread extent in the 
plains country of Montana, and it extends northward into 
Canadian territory. 

The Fort Union formation as developed in the Crazy moun- 
tains consists of a series of alternating sandstones and gray 
clay-shales, the latter holding limestone concretions often 
many feet in diameter at various horizons. The sandstones 
are usually light gray in color, loose-textured, and frequently 
crumbly, cross-bedded, and often hold round cannon-ball con- 
cretions which are merely indurated sandstones. The grains 
are generally water-worn and rounded fragments of quartz, 
more rarely of feldspar, and are of gneissic origin. The 
character of the quartz and the abundance and nature of the 
feldspar fragments differ markedly from those normal to the 
underlying Livingston beds. The clay-shales are sometimes 
calcareous, generally gray in color, weathering into tine, cubi- 
cal debris. The limestones are dense and flint-like, breaking 
with conchoidal or splintery fracture. They are gray but 
weather with light earthy brown surface, and are sometimes 
fossiliferous. Lignites occur rarely, are impure, friable, and 
of little economic value, differing every way from the coals of 
the Laramie. 

A continuous section measured at the base of the mountains, 
embracing marine Cretaceous (Montana group), Laramie, 
Livingston, and Fort Union beds, is given below : 

Section of Strata forming Eastern Footslopes of the Crazy Mountains^ 

oil Leho Creek, Montana. 
Feet. 

885 • SandBtoncs ; light colored, generally brownish or buff, of vary- 
ing coarseness, texture, and hardness ; in thick and thin beds, 
sometimes cros6-l)eddcd and often fissile. 

755 Alternating series of sandstones and shale: the latter gray, 
argillaceous, not laminated, weathering in smooth slopes 
with fine cubical debris and frequently holding large and 
small limestone balls and ovoids. These consist of dense and 
hard, flinty gray limestone, generally checked and cracked, 
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often with calcite seams, and the masses weather with an 
umber brown surface. 

1 Limestone ; carrying shell remains. 

700 Series of alternating light colored sandstones and gray shale, 
like that above. 
5 Shales ; carrying fresh-water fossils. 
714 Series of alternating sandstones and shales, similar to those 
noted above. 
5 Lignite seam ; several other impure seams occur in 100 feet of 

beds above. 
27 Shales and sandstones. 
i Sandstone ; containing fresh-water fossils. 
10 Gray shales. 

2 Lignite seam. 

635 Series of beds of sandstones alternating with gray argillaceous 

shales of varying nature. 
5 Limestone ; containing fossils. 
900 Sandstones of varying texture, carrying occasional beds of 

limestone. 

7136 Livingston formation ; dark colored conglomerates, grits, sand- 
stones and tuffs, with interbedded tufaceous shales, all com- 
posed largely of volcanic debris. 

1080 Laramie formation ; sandstones, buff and gray, with interbed- 
ded shale. 

500 Fort Pierre shales, and Fox Hills sandstone. 

The importance of thie section, which is the only one known 
to the writer in which the Fox Hills. Laramie, Livingston and 
Fort Union formations occur superimposed, is apparent when 
it is considered that in eastern Montana and Canada the Fort 
Union rests directly upon Laramie beds iii apparently perfect 
conformity. 

The invertebrate remains from the beds noted in the section 
just given are all fresh-water forms. They have been deter- 
mined for me by T. M''. Stanton, who reports the following 
species : 



Viviparus trochiformiB M. A H. 

V. retuflus ? 

V. leai ? 

Bulinus longiusculus ? M. <!b H. 

B. subelongat;! M. & H. 

Campeloma multilincata M. & H. 



Valvata subumbilieata M. & H. 

Goniobasis tonuicarinata M. & H. 

Unit) priscuB ? M. & H. 

U. eouesii. 

U. danae ? M. «k H. 

U. primaevus. 



Of this fauna, Mr. Stanton says:* 



♦Mss. Official Report to Director of U. S.G.S., upop request of writer. 
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"Almost all the species in the list were originally obtained 
near Fort Union on the Missouri river. Viiu'parus trochi- 
formis came from 10 miles below Fort Union. It has also been 
found at the base of the Wasatch Eocene at several localities 
in central Utah. Goniobasis tentticarinata has the same dis- 
tribution and also occurs in the Laramie on Crow creek, 
northern Colorado. The types of Campe/owa multiliveata 
came from Fort Union beds at Fort Clark, Dakota. It has 
been found on Heart river, Dakota, and in the Laramie of 
Oow creek, Colorado. The original locality of Unio prima'.- 
VU8 is south of C-ow island, upper Missouri river, Montana. 
ITnio datio' was described from the Judith River beds at the 
mouth of the Judith river. Two of the species pass up into 
the Tertiary." 

Vertebrate remains have not been found in the Fort Union 
beds of the Crazy mountains, only a single rolled and water- 
worn fragment having been seen. This fragment of bone was 
turned over to Mr. F. A. Lucas and bv him shown to Prof. E. 
D. Cope. Mr. Lucas reports as follows : '^Professor Cope says 
the sandstone is Laramie and the bone is part of the humer- 
us of a dinosaur." 

The plant remains of these beds are abundant in certain 
localities, though but small collections have been made from 
three places, viz., (1) north slopes of Fairview peak, the most 
southern summit of the mountains; (2) from the foothills on 
Sweet Grass creek; (3) from the foot slopes near Big Timber 
creek. These collections have been examined by Prof. F. H. 
Knowlton, who reports that the species are in general of Fort 
Union types, that is, belong to, or most closely resemble, the 
flora of the beds at the mouth of the Yellowstone. 

Of the specimens from Big Timber creek he says : ♦ '* A 
small collection of fossil plants obtained at the foot of the 
Crazy mountains on Big Timber creek, Park county, Mon- 
tana. The collection numbers nine specimens which I have 
been able to identify as follows: A single specimen each of 
Sequoia lanysdorfii Heer and PopiUus (/enatrix Newberry, and 
four specimens of Ulmus speciosa? Newberry, with fragments 

of a Plata HUH (possibly P. nohifis),H Phra<ptiite.H^ and Ulwus 
sp. 

*Bu!l. Ift"), U. S. G. S., p. 637~ " ~^ ' ~' 
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^^Sequoia langsdor/fi has been abundantlj found in^but is not 
eonfined to, the Fort Union groap^ while Populus genatrix and 
UlmuM 9peciosa are tjpical Fort Union plants. While it is 
manifest! J unsafe to place much dependence in sach meager 
data all the species identifiable belong to or are found in the 
Fort Union group." 

^^I have examined the plants from Sweet Grass creek, and 
am unable to identify a single species with entire satisfaction 
as belonging to the Fort Union flora. Four or five species 
appear to be represented as follows: Numerous specimens of 
a conifer that is probably Seqmoia lamgnlor^i, but the branch- 
lets are smaller than is usual, with spines, and the leaves are 
much shorter. There are about a dozen specimens of a fern 
that was at first supposed to be Onoclea se^stbili* /(pssilis^ hut 
more careful study seems to prove that it cannot be this. It 
is undoubtedly quite close to this species, but differs in de- 
tails of vernation. It will have to be described as a new 
species. Associated with this fern are two examples of what 
may be the fertile branches : but in absence of proof connect- 
ing them, it will probably be best to describe them as new 

also. 

^^There is also a very fine dicotyledonous leaf that must have 

been seven or eight inches in length and between four and 
five inches in width. It is broadlv ovate in outline, with a 
broad heart-shaped base, and has five palmately arranged 
verns. all springing from the petiole. I am uncertain as to its 
aflinities. A number of other dicotyledons are too fragmen- 
tary to admit of even generic determinations. 

''In a general way these resemble Fort Union plants, but 
none of them belong without question to this flora." 

The strata to which the name of Fort Union was first given 
form the blutfs of the Missouri river in the vicinity of the 
mouth of the Yellowstone. The beds include two horizons, 
lithologieally distinct. The locality was visited by the writer 
in company with Prof. C. D. Walcott in August, 1895. The 
bluffs north of the Missouri river near Willow station were 
carefully noted. The lower part consists of light colored 
gray sands with rusty lenses and concretions, forming caps 
that cause picturesque pillars and exposures. There are prob- 
ably 50 to 75 feet of this sandy series exposed, which is 
capped by the clay serie« and lignites. 
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Seen from below, the exposure shows three prominent seams 
of lignite, whose dark lines are everywhere noticeable in the 
adjacent bluff exposures. Examined in detail, the series in- 
cludes at least fiwe other seams which are from 1 to 2 feet in 
thickness, but which are covered in the exposure by the wash 
of the silty, intervening beds. The section was made about a 
mile west of Willow station. 

fSection of the north bluff of the Missouri river, near the mouth of the 

Yellowstone. 
Feet: 
5 Sandy, buff colored beds alternating with gray beds, 3 to 5 feet 

in thickness. The general appearance of the upper part of the 
bluff is that of a smooth, clay slope, as the silty wash from 
above partially obscures the outcrops of the strata. 
7 Gray and ash-colored clays carrying fresh-water sholls, the out- 
crop showing a cracked and muddy surface. 

1 Lignite (?) seam. 

3 Limestone; yellowish in color and breaking into small, angular 

bits, the largest %^^ in diameter. The horizon is inconstant, 
the limestone really forming a lens. 

4 Arenaceous clays, buff in color and forming the summit of a 

prominent bench that circles the bluff. 
13^ Gray shale, carrying shell remains. 

2 Lignite seam, impure and weathering to a fine Carboniferous 

clay. 

4 Gray shale. 

5 Lignite seam, overlain by flaky, laminated shale, carrying shell 

remains. 
15 Argillaceous, ashy gray shales, weathering into a silty wash. 
(> Light colored bed, whose outcrop is covered with an alkaline ef- 
florescence and with the brittle, ahreddy fragments of limestone 
from the weathering of a concretion of this material, whose 
surface is of a rich terra cotta color. The base of this zone 
forms a platform terrace that is 6 feet wide. 
15 Sandy beds, soft, reddish buff in color, resembling a silt in ap- 
pearance and weathering with a pitted surface. 
25 Loosely cemented sands with concretions, illustrated in the pho 
tographs (C. D. W., 1895). These concretions have all shapes 
and sizes, up to 6 feet in diameter. The )>ed forms a marked 
sandy layer, but is not hard enough to weather as a ledge. 
The fossil plants collected from the Williston locality show 
only one species, Chi odea .sensibilis Linn., fossil is Newb. The 
shells obtained from the section just given are of fresh- water 
species and are of forms common to the Laramie and Fort 
Union beds. They have been identified by Mr. Stanton as 
Viviparus troehiformis M. <fe H., W leai M. & H., and frag- 
ments of Lhiio sp. 
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Hbe imile^tioMW #yf fo^ifil piaat rm^uH n die poiw^wiijB of 
the 3(Ati4«aI MmieuiB froa the Bei^boviiood of llie ori^nal 
Foct ru^oa [AeaiitT an*- Terr fall. TberhsTe beea fftadied br 
|irv>f«««or Knoiriroa. vho r^por» that the Fort UnioB ion 
eabr«re4 14^ «peefe«. Of thj« BOKber 13»> rpceie* mie eon- 
fiB^ CO rhi* f'^nxiadoa. Of tile A trpeeie* fnond in other ter- 
raae*. 2i o*wnr fa the 3lioeetie. 14 ia the Dmrer IpotFt-Lara- 
aie^. aad 9 is the Likramie. ThMe i|Sore« teti their own Ftonr. 
Profewor Kn^»v:tr»a «tati» that the il»>ra a* a vhole i« clearij 
E^>«reae. ThL* «f«^Kiinn-^ the statement* of Xewherrr.* that the 
f^jrra^of th^ Laramie and th^ F»^rt roion are totallj distiaet. 
and that che^e f<*raiatioa« »hoaId be referred to dilTerent geo- 
I'if^ieal hori2i>a«. the Fort Caioa to the Tertiarr. and the Lar- 
amie to the r'retaeeoo«. 

The eleare«t de<eriptioa of the Fort Caioa formation, as 
dereloped ia the Great Flaia^ region north of the latemational 
boundarr. i« giren bj TjrrelL^ in which the series is «lescribed 
■nder the name of the FaskaptM bed^ and groaped with the 
anderiring «erie» under the term Laramie. He states that 
what he cali^ Laramie eon«i$t4 of two formations, distinct 
lithoIr»gicaIIj and paleontologicallj. The lower, or Laramie 
prf>per. he call* the Edmonton =^rie#. It re«ts in perfect con- 
formitT upon the «haieif of the Pierre | Montana! group, and 
i« covepKi westward by a higher '«eri*T* which be calls the Fa*- 
kap^^> <eries«. The latter correspond* in every detail to our 
Fort Tnion. It i:f of purelj fre*h-water origin and is quite 
di?^tinct. lithoiogicallj. from the white «and:^ and white sandy 
clavs of the Laramie. Contraz^ted. the Edmonton contains 
abundant vertebrate remain^, mainlv dinosaurs: the Fort 

m 

I'nion ( Fa«kapor>), none. The flora of one is Laramie; the 
•pef'ie* of the i>ther are not Laramie tvpt^>, but are identical 

with th«>-ie fn»m the Fort Union of Montana. The finssil flora 
of th'T'Se Fort Union beils of Tanada has been ^studied bv Sir 
J. William Dawson, who id<fntified 2y species, all of which, 
arirordin^ to prnfess<»r KnMwlt«>n, belong to the Fort Union 

E^'f-n^ d*»ra. 



•S^ Wari. Syn. of Fiord of Laramie Group. Newberry. Bull. G. 
8. A-. V'H. I. p. o54- 

♦Ann. Rep. Can. (j^»I. Surrey. ISfltx. p. 136 E. 
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The following table shows the comparative sections found 
along the Rocky Mountain front: 



AGE. 



MONTANA. 



Eocene. 

Post-Laramie. 
(^retaceoiM. 



Fort Union. 

Livin^ton. 

Unconfonnity, 
Laramie. 



CANADA. 



COLORADO. 



5,7Ui '/ wiUow crtH'k. 

(Erosion interval.) 

Edmonton (TyrruUi. 
(Wapiti river, Dawnon.) 



> b. Denver beds. 

> a. Arapahoe beds. 
Unconformity. 
Laramie. 



VOLCANIC ASH FROM THE NORTH SHORE OF 

LAKE SUPERIOR.* 

By N. H. WiNCHELL and U. S. Grant. 

It is a peculiar feature of that vast series of surface igneous 
rocks, belonging to the copper- bearing series on each side of 
the western half of lake Superior, that deposits of volcanic 
ash are not common. In fact, Irving stated that he consid- 
ered such materials as* entirely lacking.f Selwyn saw rocks 
on Michipicoten island which he referred to as tulfsj and 
this seems to be the only direct reference, made in late years, 
of rocks of this age to volcanic tuffs. In the examination of 
a series of rocks belonging to the Geological and Natural 
History Survey of Minnesota, from the north shore of lake 
Superior, several have been found which possess the character- 
istics of fragmental volcanic deposits. The best examples 
of th^se are Nos. 8A, 17, 24 and 61 of the Minnesota Survey 
collection,^ but there are also others which are of the same 
nature but do not show their origin so clearly. The rocks here 
mentioned are from Duluth, or the immediate vicinity, and be- 
long in the series which is usually termed Keweenawan. Some 
of them are probably from the gray sandstone at Duluth 
which Irving said it was barely possible contained volcanic 
ash material. II 

In general these rocks macroscopically resemble finegrained, 
impure sandstones, and they vary in color from reddish brown 

♦Presented before Section E of the American Association for the Ad- 
vancement of Science, August 25, 1896. 

tR. D. Irving: U. S. Greol. Survey, Mon. 5, p. .32, 1883. 

iA. R. C. Selwyn, Science, vol. 1, pp. 11, 221, ISaS. 

§For description of the field relations and localities of these rock 
Hamples see Geol. and Nat. Hist. Survey of Minn., 9th Ann. Rept., pp. 
12, 14, 20, 1881. 

!IR. D. Irving: Op, cit,, p. 138. 
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fin Mtaen j^rmj. Thi^ ^^ppanuK radi«r trnmLy £ai&» pttsmEM 
Imff^r^ whif^h httv^ che vif*qai dip af dH*- ^urpnim fcig mckft. 
Lnrn die Lak^ L p^.. '•oncfa watixeasc » ac & bvm ao^ie. alt&0v^ 
fM^naiHOfuilly chii»- anf^ ingrw ao g a cd 41) depEnscs or ev«r Borr 
and rhftTF arR also locml deviAtinii» to. die ifirvetiiHt o-f tW 
dip. In che vtcinity coward the wsssc oerar gjafa&ni amd ml 
graniGe», viiile the surface rorks with wiiicii ciie«e siifiaee«Hi* 
mek^ are inrnirdi-artsriy aaffociaCRd are difthaeea, rffahMir por- 
phjrytpff and bamlt» whif*h. are feBqixeiitly^ a uiypi aaloMiaai, and 
aporhyni jtae»: and ch^ are ^omednteg ent by rffafNwii, rfifc^ ^ 
A.4 a Pile, cfaefie tniifif are «|aiia& tine jgrafnwL the f&tfcceiit p^r- 
cifdeii^ Ii^^nu? agnail J le!iB> than an ei^ch of an inch in diaoKter. 
and cfaeir origin i» not dear except when i^taidLed is seetMMu. 
Aecordin^j the !¥alient featiires of s^nme of these a ectMns are 
here gi^iai. 

3^0. 17 i» «;onipoi3«d of 'unail fragments sfurrrMzadcd hj^ a 
DUhCrix of venr tine ^raln <onjk*istin^ of quartz^ fcid*p*r. 
ehlorite. epidote. ealeite and iron ore. all ef whieh are 
f9«eondarj grain» and not original f ragmen ta. Tfte fr ag n ien tg, 
which are the peeniiar feature of the sectUHu are of all 
ffhapeffv front maghlj roonded and obtong forma Uy thoce 
whieh are jagged and Terj irrvgriLar in ontline. Ttej are 
asHiallT »armanded bj a rim of minnte iron ore grmnales 
which render the outline of the fragments ^erj distinet. 
Mar J of the fragments are vetHcuIar. h&Ttng one or more 
roandiMi ve«cle* whose ^de^ are also sforroonded bv granale? 
of irvin ore. The interior of the fragment? is a coafuaed 
maiw of ^mall grains and flake«. which are prineipallj- chlorite, 
wirh epidote, qnartz and iron ore. It seem? impo««ibie to 
reach anj conclus^ion other than that these fragments are 
pie<^t> of vesicular Tolcanie material, probablT originallT 

eia.'**»v but now devi tri de«l- 
yo. »SI is com poised mot»tlj of <mali, closelj crowded grains 
whi<*ii are largelj rounded or subangnlar. These grains are 
ehietlj of three kind*: ill greenish grains. (2> feldspar, 
and i \ } quartz, the last not being as common as the other 
tW'j. The greenish grains are usually ei>m posed of minirte 
ffake> of chlorite and a micaceous mineral, probabljr serieite. 
wi:h *r,me quartz. Other grains are composed of an aggre- 
gate of minute grains of quartz and feldspar, the former 
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feometimes embracing the latter poikilitically, much resembling 
the devitrified groundmass of ancient acid lavas from this 
locality. The feldspar grains are altered and much filled with 
calcite and sericite, and these two minerals, together with 
secondary quartz and chlorite, are in the interstices between 
the grains. But the most striking feature of the rock is the 
presence of a number of larger roughly. angular grains which 
are similar to some of the smaller rounded ones and which 
appear to be composed of the produifts of devitrification; and 
what is still more confirmatory of this idea is that some of 
these grains still show very clearly the remains of a perlitic 
parting common to glassy rocks. This perlitic parting has 
been found in great perfection in some of the devitrified acid 
lavas of the north shore of lake Superior and is similar to 
that described from the aporhyolytes of South Mountain in 
Maryland and Virginia.* 

The two rock samples just mentioned are perhaps the most 
characteristic of a number of similar rocks from, the north 
shore of lake Superior but mostly from the vicinnty of Du- 
luth. There seems to be no other interpretation of their 
characters possible than to refer these rocks to volcanic ash 
deposits. While remains of fragmental volcanic material are 
not known to be abundant, still such deposits do occur in 
rocks which are usually considered as Keweenawan in age. 
No craters have been located, but it seems quite probable that 
future careful investigations may enable us to locate exactly 
some of the vents where explosive volcanic action occurred. 



BUFFALO MEETINGS OF THE GEOLOGICAL SOCI- 
ETY AND THE AMERICAN ASSOCIATION. 

By Warren Upham, St. Paal, Minn. 

The forty-fifth meeting of the American Association for the 
Advancement of Science was held in Buffalo, N. Y., under the 
presidency of Prof. Edward D. Cope, August 22-29, 1896, this 
heing the fourth meeting of the Association in Buffalo, with 
intervals of ten years. The enrolled attendance was 330, 
from a total membership (including fellows) of about two 
thousand. At this meeting 110 new members were elected : 

*G. H. Williams: Amer. Jour. Sci., 3, vol. 44, p. 486; Dec, 1892. 
P. Bascom: Jour, of Greol., vol. 1, p. 821; Nov.-Dec, 1803. 
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and 83 memberB were elected as fellows, making the presenf 
number of fellows about 875. 

For the next meeting, to be held at Detroit, Mich., in Au- 
gust, 1897, Prof. Wolcott Gibbs, of Newport, R. I., is elected 
president: and for Section E (Geology and Geography), Prof. 
I. C. White, of Morgantown, W. Va., vice president, and Prof. 
C. H. Smyth, Jr., of Clinton, N. Y., secretary. This meeting 
will be held immediately previous to that of the British As- 
sociation, which next year is to meet in Toronto, Ontario. 

The affiliated societies meeting also in Buffalo, in conjunc- 
tion with the American Association, w^ere the Geological So- 
ciety of America, August 22, under the presidency of Prof. 
Joseph LeConte : the American Mathematical Society; the 
American Chemical Society ; the Society for the Promotion 
of Agricultural Science ; the Association of Economic Ento- 
mologists ; the Botanical Society of America ; the Botanical 
Club of the Association ; and the Society for the Promotion 
of Engineering Education. 

The Geological Society of America. 

According to a vote previously taken by the Council of the 
Geological Society, the papers presented before it at this 
eighth summer meeting were read only by title, and their full 
reading was deferred to the Thursday sessions of Section E 
of the Association. Six new fellows were elected, namely, 
Jose Guadalupe Aguilera, of Mexico ; Philip Argall, of Den- 
ver, Colo. ; Ezequiel Ordonez, of Mexico ; Thos. W. Vaughan, 
of Washington, D. C. ; Henry S. Washington, of Locust, N. 
J.; and George H. Ashley, of San Bernardino, California. 

It was voted to hold the next winter meeting of this Society 
in Washington, D. C, on Tuesday to Thursday, Dec. 29-31. 

Geological Excursions. 

Several excursions, for specialists in different branches of 
geology, were made before the meetings. One, extending over 
several days, under the guidance of Prof. C. S. Prosser, had 
for its object the examination of the stratigraphy and pale- 
ontology of the rock formations of western New York in the 
neighborhood of Syracuse, Rochester, Mt. Morris, Portage 
Falls, and westerly to Buffalo. Another excursion, for obser- 
vations in petrography, spent a w^eek in the Lake C-hamplain 
valley and in the Adirondack mountains, under guidance of 



1 

s 
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Profp. J. F. Kemp, C. H. Smyth, Jr., and H. P. Gushing. A 
third excursion, devoted to economic geology, was led by Dr. 
F. J. H. Merrill, examining the salt and cement works, gyp- 
sum mines, and stone quarries, in the region of Syracuse and 
westward. Lastly, an excursion for the field study of the 
moraines, former glacial lakes, and their shore lines and out- 
lets in western New York, was under the direction of Prof. 
H. L. Fairchild. 

The addresses of the vice presidents of sections were given 
on Monday, August 24; and the four following days were al- 
lotted to the reading of papers in the several sections. On 
Thursday afternoon a considerable number of the geologists 
visited the very interesting section of the Hamilton beds on 
Eighteen Mile creek. Finally, on Saturday nearly four hun- 
dred members and friends of the Association visited the Ni- 
agara falls and gorge. They went north along the Canadian 
side by the electric railway near the edge of the precipice 
overlooking the gorge, crossed the river at Lewiston, and re- 
turned by the new railway along the bottom of the gorge on 
the New York side. The electric power for these railways, 
besides much more used in Buffalo, is supplied by the diver- 
sion of a small part of the river above the falls. A geological 
party further devoted the early part of the following week to 
field observations of the Niagara gorge, the Whirlpool, and 
the course of the drift-filled preglacial valley from the Whirl- 
pool northwesterly to St. David's, the depth of which it is 
proposed to test by borings. 

Honor to Prof. James Hall. 

In Section E, of which Prof. Ben. K. Emerson was vice 
president, and Prof. William North Rice was secretary (in the 
absence of Prof. A. C. Gill, the secretary elect, in Greenland), 
Wednesday afternoon was given to a very impressive series of 
addresses commemorative of Prof. James Hall's completion of 
sixty years of service in the Geological Survey of New York. 
Such an unprecedented record as his is certainly entitled to 
the cordial and most graceful recognition which, upon this 
occasion, it received. The usual audience attending the ses- 
sions of Section E was largely supplemented by prominent 
members from other sections, as well as by eminent citizens of 
the city of Buffalo. 
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Profemnr H*!!!!. who had traveled from S*n Francipco to be 
present at thifi meeting, wm addressed by vice preBident En- 
erM>n. on behalf of the Amoni&tinn, nnd by Prof. Joseph Le 
f '.onte for the Geological Society. Nothing could faave been 
more graceful than the eameet and well chosen expreerionf 
of these men. briefly ' portraying the vast obligations of the 
prewnt generation of geologists to the labors of the venerable 
wiptitist. In reply to these addresses. Prof. Hall gave a huty 
dketch, not so much of his attainments in science as of the 
beginnings of his work, its difflcuUies. embarrassments, and 
triumphs. 

Of particular importance was hie reference to the ari^ti of 
the Association of American Geologists, the parr^iit I 
the American Association. 'I'he four geolt^sts nf thv | 
York survey, feeling the importance of testing tiieir reRiik 
by conipariHon with those obtaint-d in other statco. resnlvi 
in the autumn of 183», to enter into correspondem-f with oth- 
er working geologists for the purpose of organiiine h ^•ol 
nal association with this for its chief aim. Initiatory i 
was taken in the home of Dr. Ebenezer Emmons i 
and its outcome was the calling of a meeting at Phll<j 
which took place in April, 1840, whence came the Assr 
of American Geologists. In 18-12, at the Boston mce 
that Association, the naturalists asked to be admitted 
Kociety. and in conceding to this proposition tbe nuiui' 
hody was changed to "Association of American Gcologista 
and Naturalists." At a later date the chemists and physicist* 
also begged admission, iind the name of the society wax 
changed to its present form. 

After the remarks by Prof. Hall, a forcible and eloquent 
itddrcsB was delivered hy Dr. W J McGee. entitled "Jame* 
Hall, Founder of American Stratigraphic Geology:" and s 
i>a|ier on I'rdf. Hall's early work in the Geolf^cal Survey of 
the Fi>nrth District of New York, especially noting its tnflu- 
i-nees upon gcolo(fi''al science, was read by Dr. John H. Clarke, 
iissi-itiint stiite geologist, (Hhi-r sjteakers further referred t« 
VtkI. Hull's hihors from various view points: Dr. J. F. Whit- 
i-iives. for th)- CnnHdlan Geological Survey; Hon. T. Guilford 
Smith, for the State of New York and the R^ents of the 
Cnivcrsiiv: I'roF. William H. Niles, for the Boston Society 
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of Natural History ; Vrof.. J. J. Stevenson, of New York City. 
in K Rtrnin remiiiigcojilj|jif, the great personal gacrifices made 
by Prof. Hull to insure tli^Jyontinuance of his investigations, 
and of the iniportant |ier«HUiil influence exerted by him in the 
training of geoU.giful work%B ; and Prof. E. O. Hovey, recall- 
ing hie own ^early ^■^Hflk with the now venerable man. 
These proceedii^ft|^^^^BB exceedingly gratifying to all 
present, were ol^^^f^^^HpiPP? words from the rice pres- 
ident. ^^^^^W 

Fkof. -Emerson's Addbess. 

The address of the vice president in Section £, entitled 
"Geological Myths," traced the origin and history of several 
myths which arose from geological events and conditions, in- 
eluding the Chimtera, which had reference primarily to a 
burning gas spring; Niobe, whose legend was suggested by 
the drip of waters from the limestone roof above an ancient 
colossal bust carved in the living rock on the side of a valley 
near the present city of Smyrna; Lot's wife, referring to 
columnar dill's, spared in the subaerini erosion of the 
wall of salt and g^'psum- bearing marls of Kashuni Usdum, 
adjoining the southwestern shore of the south part of the 
Dead sea; and the traditions of a universal flood, the origin 
of which was thought by the speaker, following Suesp, to be 
explainable by the coincidence of a great storm and an earth- 
quake wave at the mouth of the Euphrates. This address is 
published in full in Science for September 11, 1896 (new 
series, vol. iv, pp. 328-344). 

Lectures by Pkops. Spencek ami Cope. 

Two public lectures, complimentary to the citizens of Buf- 
falo, were given on Wednesday and Thursday evenings, each 
being accompanied with lantern illustrations. The first was 
by Prof, J. W. Spencer, entitled " Niagara as a Time Piece." 
His explanations of the high shore lines around the great 
Laurentian lakes as of marine formation, and his computations 
of the duration cf Niagara falls, belonging to the Postglacial 
period, as 32,000 years, presented in this lecture, had uppeared 
in the Aherican Gkolohist for November, 1894 (vol. xiv, pp. 
289-301), and In Appleton's Popular Science Monthly for May 
of the present year. 
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The Becondleoture, by Prof. E. D. Cope, based on his own 
explorations and those of Mr. H. C. Mercer, was entitled 
''The Results of Cave Explorations in the United States, and 
their Bearing on the Antiquity of Man.'* A part of the dis* 
eoveries thus presented, showing man to have been contempo- 
rary in Tennessee with the Megalonyx, a gigantic fossil sloth^ 
was published by Mr. Mercer in the American Naturalist for 
last July (vol. xxx, pp. 608-611, and a plate), together with 
notes of Prof. Cope's earlier cave researches. 

Titles akp Abstracts of Papsrs in Section E. 
Forty- two papers were presented in Section E (Geology and 
Geography), of which the following are titles, in their order 
on the programs of the sessions. For many of the papers ab-' 
stracts are also added, as kindly supplied by the authors, or 
shorter notes from correspondents at the meeting. Among 
these Prof. C. W. Hall of Minneapolis, Minn., Dr. John M. 
Clarke of Albany, N. Y., Prof. E. W. Claypole, of Akron, O., 
and Mr. F. B. Taylor, of Fort Wayne, Ind., press secretary of 
Section E, deserve especial mention and thanks, both for notes 
of papers and for portions of the foregoing pages. In a few 
instances the notes are derived from the report of this section 
by Prof. W. N. Rice in Science for September 18 (pp. 382-888). 

1. Notes on the Artesian Well sunk at Key West, Florida^ in 1895, 
Edmund O. Hovry. This well has a depth of 2,000 feet, and samples of 
the boriofi^s were taken, under the direction of Prof. Alexander Agassiz, 
at intervals of 25 feet through the whole depth. The author's micro- 
Bcopical examination shows the entire section to be nearly pure lime- 
rock. It is a typical oOlite at the surface and at 25 feet below. Beneath 
that depth most of the samples indicate a fine or coarse, more or lees 
loosely compacted calcareous sandrock, relieved somewhat by beds or 
masses of dense or porous limestone. Small bits of oolite or looee ovules 
are present in about half of the samples, indicating a shallow origin for 
much of the material. The most solid rock of all passed through came 
from the depths of 50 to 176 feet. 

The most peculiar petrograpbic feature is the presence in all the sam- 
ples except three of a small amount of quartz. This varies from the 
merest trace up to a very noticeable proportion, and is of two kinds: the 
most abundant is extremely fine-grained, angular or crystallized, and 
perfectly limpid; the other kind consists of scattered grains, well 
rounded by abrasion, and much larger than the first. 

Organic remains which preserve sufficient character for reference even 
to their class are not numerous, except in a few of the samples. For 
the most part mioyte forms are indicated by the fragments. Taken as 



Meeting of the American Assiooiation, — Upham, 219 

a whole, there are more bits of lamellibranch shells and casts of the in- 
terior than anything else in the referable fragments; next to these in 
point of numbers come the tests of foraminifers; then follow echino- 
derms, corals, bryozoans, and gastropods. Although the foraminiferal 
genus Orbitoides does not seem to be represented in the samples from 
<iepths above 900 feet, there seems to be no particular change in the 
rock, in ascending order, until a marked transition appears between the 
samples from 700 and 675 feet. 

In view of these facts the author is inclined to place the approximate 
upper limit of the Vicksburg beds of the Eocene in this well at 700 feet 
below the surface. The lower limit of the Vicksburg may not have been 
reached. Orbitoides seems to be the predominating forarainifer down 
to 1,450 feet. Between that depth and the next below there is a decided 
change in color, and, while Oi^bitoides does not entirely disappear at 
once, two conical forms referred to TextuJaina become much more nu- 
merous. Below 1,875 feet Orbitoides seems to be absent. 

Above 700 feet the material was so comminuted, probably by the 
drill, that it seems impracticable to differentiate the Miocene and Plio- 
cene. The massive limestone at 50 feet may. however, mark the ap- 
proximate upper limit of the Pliocene. 

This paper was discussed by Profs. LeConte, Hitchcock, Stevenson, 
and Rice. 

;^. The Hydraulic Gradient of the Main Artesinn Basin of the North- 
west. J. E. Todd. After giving a brief statement of the extent and 
attitude of the Dakota sandstone formation and the general distribution 
of the wells deriving their waters from it, attention was directed espe- 
cially to the remarkable fact that, when reliable readings of closed 
pressure are compared, there appears to be a quite regular decline in the 
pressure hight from west to east, which may be compared to the hy- 
draulic gradient of a stream. The most complete series yet obtained is 
from Sheridan, in Wyoming, to Marshall, in Minnesota, as shown by 
the following table. 

Miles from the east lino ProHSuro hiffht in feot 

Locality. of South Dakota. above the sea. 

Sheridan, Wyo 515 West . About 3,700 

Belle Fourche, S. Dak .%0 *' 3,030 

Pierre, S. Dak 192 *' 1,854* 

Highmore, S. D .150 '• 1,928 

Miller, S. D 127 •• 1,817 

Huron, S. D 91 ** 1,670 

Iroquois, S.D 71 •* 1,638 

Marshall, Minn .33 East. 1,360 

The descent of the gradient eastward averages somewhat more than 
four feet per mile. Between Kimball and Mitchell, S. Dak., on the lat- 
itude of Chamberlain, it is ten feet per mile. 

*The pressure hights at Pierre, Harold, and some other localities, are 
too low, probably because of subterranean leakage or derivation from 
different strata. 
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From north to south the gradient \b almost horizontal between Orient 
and Armour, S. Dak., about 1,875 feet; but in the James river vaileyt 
although it is nearly constant from Ellendale to Huron, about 1,700 
feet, it drops farther south to 1,390 feet at Mitchell, and rises again to 
over 1,500 feet at Tripp. 

The explanation considered most satisfactory is that given by Upham 
in the American Geologist for October, 1890 (vol. vi, pp. 211-221), re- 
ferring the eastward and southward decline in pressure to leakage 
from the Dakota sandstone along its eastern edge in Nebraska, Iowa, 
and Minnesota. It was suggested that actual irregularities of the pres- 
sure gradient may result from a complex arrangement of the water- 
bearing stratum, from inequalities in the leakage on the southeast and 
east, and from variations in the fineness or porosity of this sandstone. 
In conclusion, more careful measurements of the closed pressure of the 
artesian wells of the Northwest were recommended. 

3, The true Tuff-fmls of the Trias, mid the mud enclosures^ the under' 
rolling J and the banic pitchstone of Vie Triassic Traps, B. K. Emeb- 
soif . This paper gave many interesting notes of field oliservations of 
the Triassic belt in the lower part of the Connecticut river valley. It 
was discussed by Dr. M. E. Wadsworth, who found striking resem- 
blances to what ho had observed in the copper-bearing region of lake 
Superior. Prof. Rice reports it as follows: '*In some localities the bro- 
ken surface of the extrusive trap sheets, with the calcareous or arena- 
ceous deposits mingled with the trap, has been rolled under in the on- 
ward flow of the trap, so that the same phenomena appear, both at the 
top and bottom of the trap sheet. In certain localities the wet mud of 
the estuary bottom, over which the trap sheet flowed, has risen up into 
the trap, presenting an appearance very similar to that of true tuff beds. 
In these cases portions of the mud have been metamorphosed into a 
quartzite, and portions of the molten material of the trap, chilled by 
the ascending currents of mud and water, have solidified into a pitch- 
stone or tachylite.*' The sections and quarries most notably showing 
these conditions are in Greenfield and Holyoke, Mass., and in Meriden, 
Conn. 

4. Volcanic Ash from the North Shore of Lake Superior. N. H. 
WiNCHELL and U. S. Grant. Published in the preceding pages. 

.). Tlie '^Augen Oneists" Pegmatite Veins, and Diorite Dikes at Brad- 
ford, Westcfiester county, N. Y. Lea Mel. Luquer and Hbinrich 
RiEs. To be published in the American Geolocjist. 

a. The Tyringhttm [MaHn.) ^^ Mortise Jtuck,^* and pseudonunrphs of 
(Quartz after Albite. H. K. Emerson. Specimens were exhibited, in 
which the quartz haH minute cavities due to crystals of salite dissolved 
out. Pseudoiuorphic ([uartz fills delicate easts of albite and cleaveland- 
ite, showing striiK and luster. 

7. The SitcceHsiou of the Fossil Faunas in the Hamilton group at 
Eighteen Mile creek, N. W Amadeus W. Grabau. The sections ex- 
hibiting the Hamilton beds, underlying the Genesee and Portage series, 
at Eighteen Mile creek (tributary to lake Erie about eighteen miles 
southwest of Buffalo) are situated between the L. 8. & M. S. railway 
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bridge and the mouth of the creek. There are eight sections, averaging 
70 feet in hight and ranging from 200 to 2,000 feet in length. The fol- 
lowing subdivisions are recognized: 

*'Mo8cow" shales 17 feet. 

EnCrinal limestone 1^ feet. 

Lower shales 40-|- feet exposed. 

The "Conodonf' bed of Hinde, which that writer placed near the top 
of the Hamilton, is referred to the base of the Genesee. 

The lowest beds exposed are the '^Trilobite beds," in which Pliacops 
rami and Dalnianiten boothi occur very abundantly. Stropheodonta 
fuicrea is another characteristic species in these beds, which may be 
traced eastward along the lake shore to Hamburg-on-the-Lake, where 
the base of the Hamilton is exposed about seven feet below them. 

Eight feet below the Encrinal limestone is the Athyris spiriferoides 
bed, where this fossil occurs almost to the exclusion of every other. 
One foot below the Encrinal limestone is the Stropheodonta demissa 
bed, the richest fossiliferous level in this region. Sixty- two species are 
obtained from this bed, which is only about four inches thick. 

The most characteristic fossil of the Lower shales, which may proper- 
ly give its name to their fauna as a whole, is Spinfer mucronatus^ of 
the ordinary broad-winged variety. 

The Moscow shales (so-called, though they do not correspond to the 
shales at Moscow) contain two distinct fannas, separated by barren beds 
7 or 8 feet thick, near the center of which, however, occurs a thin bed 
with Orlnctdoiden media. The fauna of the lower part of the Moscow 
shales is called the Spirifer consobrinns fauna; that of the upper part 
is the Spirifer tnfliuH fauna. 

A comparison of this entire series with the faunal subdivisions of the 
Hamilton of Ontario, as given by Calvin in an early number of the 
American Geoixxjist (vol. i, pp. 81 86, Feb., 1888), shows an interest- 
ing correspondence. Of the three subdivisioDs made by him, the lower 
is characterized by the ordinar>' form of Spirifer mncromitus, and in 
its association of fossils resembles the fauna of the Lower shales at 
Eighteen Mile creek. 

In the Grenesee valley the physical conditions, and the consequent 
faunal jwsociations, were very different. The Lower shales, having a 
thickness of 90 feet or more in the Livonia salt shaft, contain few fos- 
sils, and these are mostly unlike those found at Eighteen Mile creek: 
but the Encrinal limestone is practically identical. The greatest differ 
ence is found between the Upper or Moscow shales of the two localities. 
These at Livonia are more than 300 feet thick, and the association of 
fossils recalls that in the Lower shales of the sections at Eighteen Mile 
creek. This points to an eastward migration of that fauna, following 
the changes in physical conditions. 

Upder the guidance of Mr. Grabau, a party numbering nearly a hun- 
dred visited Eighteen Mile creek on Thursday afternoon, examining 
each of its eight sections here described. 
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8. Development of the Physiography of California. Jamv Pbrrxx 
Smith. This paper was illustrated by a stereopticon view of a relief 
map. The present contour was ascribed mainly to Tertiary and Qua- 
ternary uplifts and consequent erosion. 

9. Synopsis of California Stratigraphy. James Perbin Smith. 

10. Ancient and Modem Sharks^ and the Evolution of the Class. E. 
W. Claypole. ^ The Devonian cladodont sharks, recently discovered in 
northern Ohio by Dr. Clark and described by the author in a series of 
papers in the Am. Geolgoist, exhibit great differences from their mod- 
ern representatives ; and this paper presented some suggestions on the 
probable ways in which these differences have been evolved. 

11. Observations on the Dorsal Shields in the Dinichthyids. Chabus 
R. Eastman. The object of this paper was to trace the genetic rela- 
tionship between the typical dinichthyid genera of America and the 
European coccoeteids. Attention was called to the fact that valuable 
systematic characters are afforded by the configuration of the median 
dorsal plate in the Coccosteidse. In particular it was maintained that 
a large, excavated posterior process is common to dinichthyid but ab- 
sent in coccosteid genera; and, furthermore, that the coccosteids may 
be arranged in a definite series according to the progressive modifica- 
tion of the inferior ridge and terminal process of the dorsal shield. This 
series includes the genera Coccosteus, Homosteus and Heterosteus^ to- 
gether with certain forms leading up to Dinichthys, the affinities of 
which do not seem to have been properly understood. Among the latter 
may be mentioned the so-called Pelecyphorus at Trautschold, Asterolepis 
bohemica of Barrande, Coccosteus sp. {=D. livonims) of Pander, and 
one or two as yet undescribed forms from the Devonian of the Eifel 
district; all of which are shown, by their possession of a characteristic 
terminal process, to belong to the dinichthyid instead of the coccos- 
teid group. 

The series of European dinichthyids, starting with Pander's D. livo- 
ntcus, may be traced from its probable origin in northern Europe south- 
ward and eastward into Bohemia and Russia, westward into central 
Grermany and Belgium, and thence across the Atlantic into the United 
States and Canada. At least one species {D. tuberculatns) is intercon- 
tinental in distribution. Westward the divergence was so great as to 
give rise to no less than fifteen species of Dinichthys, besides a number 
of related genera; and the most remarkable fact concerning them is 
their prodigious increase in size. The function of the posterior process 
was assumed to be in relation with swimming; and with its gradual 
development, increased locomotive facilities were acquired. The known 
predacious habits of Dinichthys afforded it the necespary competition, 
and its better equipment for swimming enabled it to attain the ascend- 
ancy over the original coccosteid stock. Its ultimate supremacy in 
Devonian seas is witnessed by its size, its abundance and distribution, 
and its range of variation. 

Incidentally a slab was exhibited on which was preserved the entire 
ventral armor of a Dinichthys from the Portage shale near Buffalo, dis- 
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covered some time previously by Mr. F. K. Mixer. All the elements 
were retained in their natural position, so that there can be no longer 
any doubt as to the reconstruction of the under surface of this genus. 
The specimen recalls the somewhat similar one of Holonema exhibited 
by Prof. H. S. Williams at the Indianapolis meeting of the Association 
in 1890, these two being the only instances known where the ventral 
plates of the respective genera are preserved in situ, 

12. The DiHcovei*y of a new Fish Fauna, from the Devonian rocks of 
Sfmthwestem New y'ork. F. K. Mixer. The oldest remains of fishes 
from this region were discovered in the Corniferous limestone, and were 
noticed in the Bulletin of the BufiPalo Society of Natural Sciences (vol. 
V, p. 84, 1888). These remains consist of the spines and teeth of sela- 
chians, similar to those described by Dr. Newberry from the Devonian 
of Ohio. 

When we come upward to the rocks of Hamilton age, we find that 
nothing in the class of fishes has been heretofore described, so far as 
known to the writer, from this region. The remains now discovered in 
this formation consist of determinable plates of dinichthyid fishes. 

The next horizon, in ascending geological sequence, to reveal fish re- 
mains is that of the Black shales in the Portage series. From these 
shales a plate of a small Dinichthys, and two ganoid fishes, have been 
described. More recently the mandibles of a dinichthyid, besides more 
perfect remains of these ganoids, have been discovered in these shales. 

13. Jnterglacial change ofc&urse, with gorge erosion, of the St. Croix 
river, in Minnesota and Wisconsin. Warren Upham. (Read by Prof. 
C. W. Hall.) An outline of a lecture at Taylor's Falls, Minn., substan- 
tially the same as this paper, was given in the American Geologist for 
last April (p. 260). The Aftonian interglacial epoch in southern Minne- 
pota, as indicated by the erosion of the St. Croix Dalles, was probably 
longer than the Postglacial period. From the corresponding intergla- 
cial valley of the Mississippi river west of Minneapolis, filled with drift 
but marked by a series of lakes. Prof. N. H. Winchell. in the Am. Geol- 
(XJI8T (vol. X, pp. CQSO, with map and sections, and p. 302, Aug. and 
Nov., 1892), estimates the time required for its erosion (since named by 
Chamberlin the Aftonian epoch) as about 15,000 years, which seems 
well accordant with the interglacial erosion of the St. Croix valley. 

14. The Preglacial Cuyahoga Ooi*ge in Cleveland, Ohio. Warren 
Upham. (Read by Prof. G. F. Wright.) This paper is based on in- 
formation supplied by Mr. S. J. Pierce of Cleveland, derived chiefly from 
deep well borings which have been made during several years past un- 
der the direction of Mr. F. S. Gilbert, contractor, also of Cleveland, 
showing that the preglacial Cuyahoga valley in its last eight miles, 
passing through Newburg and Cleveland, has a depth of 350 to 470 feet 
below the surface of lake Erie. The deepest previously published well 
section in drift at Cleveland was that of the Standard Oil Company, 
recorded in the reports of the Geological Survey of Ohio by Newberry, 
which, situated near the mouth of Kingsbury run, reached the bed 
rock of shale 228 feet below the level of the river and lake. Even that 
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depth of drift revealed a very intereatinK prpglai:ial valley and different 
conditions of topography aad drainage from those of the preoent dfty; 
tot the ){reat«r part of lake Erie, aa is well known, is only about 80 fept 
deep, while its maiimum depth, apparently in an old river valley now 
covered by the lake, is only 810 feet. It was also aacertained by New- 
berry,froin boriniics for oil, that where the Cuyahogsriverentera Cuya- 
hoga county, about thirteen miles from the lake Erie shore atCleveland, 
the bottom of the preglacial gorge is 920 feet below the present river, 
or about 175 feet below the level of the lake. 

By inspecting the additional well records, it is found that, within the 
area of the city of Cleveland, shown in Sgure 1, the line of manmum 
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depthoftheold valley lies near its east side and runs toward the north- 
northeast, passing near to the Forest City park, the intersection of 
Giddings and Euclid avenues, and Gordon park. Where the pr^lacial 
Cuynhogn gorge enters this county, it had already attained a depth of 
175 feet below the present lake; in the northern edge of Independence 
townnhip. eight miles from the luke. its depth below the same plane is 
.T33 feet, withimt there reaching the l>fid rock; at Giddings and Euclid 
aveoucB, Its depth is at least .140 feet: a lialf mile farther north, it is.390 
feet, if not more; and at Gordon park it is known to exceed 470 feet, — 
all being depths below lake Erie. 

Because of the greater expense of boring in the drift than in the un- 
derlying shale, the depth to the base of the drift has been curefulty de- 
terniined: but the succession of diverse <irif t deposits, and their respec- 
tive tliicknesscs, have not been so noted. Concerning the characters of 
the drift, Mr. Gilbert states that, beneath the superficial Cayahoga 
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delta sand and gravel, usually 10 to 20 feet deep, a considerable thick- 
ness of stony and gravelly clay or till is passed through, with occasional 
enclosed beds of stratified gravel and sand; but that the lower portion 
of some of the deep drift sections consists chiefly of sand and gravel, 
resembling those of the present lake beaches. In the till of the well at 
the public square he lK)red through a log fully two feet in diameter, 
thought to be oak, at the depth of 125 feet. In this well a stratum of 
seven feet of very fine quicksand lay immediately upon the shale, at the 
depth of 205 feet from the surface; but in eome other deep wells the 
k)west drift deposit is clay, probably till. 

The deep preglacial valleys of the Cuyahoga and Rocky rivers, tribu- 
tary to the basin which now holds lake Erie, testify, with many other 
similarly deep and drift-filled preglacial river courses throughout the 
interior of our country, that immediately before the Ice age this conti- 
nent was uplifted much above its present altitude, giving steeper gradi- 
ents and increased power of erosion to the streams. The duration of 
the uplift, however, wivs not geologically long; else the narrow gorge of 
the Cuyahoga would have become a wide valley, and, on the borders of 
the continental plateau, the fjordlike continuation of the Hudson and 
other rivers, and the northern and Arctic fjords, would have been wid- 
ened to mature valleys, with extensive lowland plains and gently slop- 
ing sides. 

Such great depth of erosion by the preglacial Cuyahoga river shows 
that the Tertiary and Quaternary river of the lake Erie basin had its 
course on a land surface which is now covered and raised, probably for 
the greater part from 200 to 400 feet, by the deposition of glacial and 
modified drift during the lee age. The topographic irregularities of 
the preglacial Erie valley are thus largely enveloped by the drift, which 
forms a very level expanse beneath the shallow lake. The beds of coarse 
gravel contained in the till near its base, as in the Standard Oil Com- 
pany's well, indicate fluctuations of the glaciation in its early stages, 
with free drainage conditions, the altitude being greater than now, and 
the lake area not yet depressed to be a closed basin. 

J5. A HexHHum of the Moraines of Minnesota, J. E. Todd. This 
paper presented first a map of the moraines of northern Minnesota as 
interpreted and mapi^eil by Mr. Upham in the Twenty-second Annual 
Report of the Minnesota (Geological Survey, in which the northern mo- 
raines, in the series of twelve found in this state, are represented as ex- 
tending in general from east to west across that district, having been 
formed successively during a motion of the ice-sheet principally from 
the north. The following objections were urged against this interpre- 
tation. 

1. It assumes that latitude had more to do with the ice movement 
than altitude, and that topography had little effect on the movements 
of the ice-sheet. On the contrary, in the case of the present glaciers of 
Alaska and Greenland, as well as of the Dakota, Iowa, and Wisconsin 
lobes of the ancient ice-sheet, it appears that, at least in the zone of 
ablation, glacier loV^es^ like streams, flow farthest in the valleys. It 
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«MMi HMe fte M retimd liffMi fte Wk gfiiiui Imm aad the Bed 
HfW rsiley ^wfier ftes Avmi tte h j^ fciiile atent Uce ItMca mod tiie 
IfMibf rauHi^, TIm( alMiq^ ner <if flMv^ Ifcaa liX» fteC Iron lake Sape- 
li^ kp lhi» JMirhi— dbon tiK aordi is —ypivwl mA to have affected the 
4lf«KiMOor the ii'>Hsafled Leaf Haifa aadl^ The B£eeabi 

moratse ie mp f mmto d aa AfwttmXm^ 2GO feet firaai the wateished north 
t4 the K i mm mipp t to Red falK arith a retreatiBf^ so|^, inatead of an ad- 
tnodn^ froat vhieh it alksaJd have aw i wfia g to analogy with the pre- 
vlooa Mt»tkm tmrti^er aooth. 

2?. It doea not repreaeot the iee-aheet aa le t khig in the pioper direc- 
Utm to ejrplain the Icmnation of the eartj etigra of lake Saperior, n<nris 
ft in harmoajT arith the fiaetal aMyreoMsta of reoeaHon producing the 
atagea of lakea Warren and Alfpmqmn. 

Z. It doea not agree with the obaerred directaona of atri», particular- 
\y thoae about Dohithand CarHon^ Mmn,^ which bear moetly W. S. W., 
and thoae on the opper portion of the Big Fork riTer, which bear large- 
\y weatvard or perhapa eaatward. 

4. It doea not harmonize with the obaored diatribation of boulders. 
The baain of the opper Miaiiawppi lacto iimeatone boulders, while they 
abound to the weat and north of its watershed. Moreover, Mr. J. £. 
Bporr, in the aame Twentj-aecond Annual Beport, states that in north- 
eastem Minnesota the moraine correlated with that of the Leaf HiUs 
by Upham^ as also the drift north of it for some distance, has clearly 
been derived from the northeast or east. 

5, It disagrees with several morainic areas more recently observed by 
the author, notably with a moraine belt passing south of Turtle River 
lake and Turtle lake and curving south across Orant creek and west of 
Bf.'hoolcraft river into Hubbard county, and with another which passes 
north of Cass lake, thence across the Mississippi, and along the south- 
west side of lake Kabecona and south of Leech lake. These morainea 
HTf sufficient to indicate a north and south trend over this portion cf 
the state. 

In view of these and other facts, a new mapping of the morainea in 
north central Minnesota was offered, referring them to two great lobea 
of the ancient ice-sheet, a shorter one moving southwest through 
lake Superior basin, and a longer one moving around this from 
northeast to the west and southwest. In their recession, these 
formed successive slender and more or less curved reentrant 
prcxlucing interlobate moraines, one arm of each being formed on 
wpst sido of the Lake Superior lobe, and the other arm along the 
f4i(l» of tho Red River lobe. The apex of this angle advanced 
tlio northcMwt until it grew into a slender moraine, probably 
along the Mesubi range. The courses of the moraines, according 
this view, were indicated in detail by a map. 

to. NoteH on certain Fossil Plants from the Carboniferous of 
Thomah H. Macbride. Microscopic slides, showing sections off 
steniR of a Sigillaria^ probably S. vascularis Binney, from the 
Moines beds of the Iowa Carboniferous, were exhibited. Hie 
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tissue is of two types, that which constitutes an inner medullary cylin- 
der, and that which forms the wood proper of the stem. The latter 
surrounds the medullary structures, is radiately cleft by abundant med- 
ullary (?) rays, and gives every evidence of haying been exogenously de- 
veloped. The woody tissues are constituted, as in the conifers, of what 
may bo called tracheides, but are unlike conifers in that the tracheides 
are marked by the scalariform mode of wall-struoture and not by bor- 
dered pits. All this is confirmatory of Binney's researches. As to what 
constitutes the true medulla, the author argued that it must have con- 
sisted of loosely constructed and early decadent parenchyma, whose in- 
dividual cells are no longer identifiable. 

17. Origin of the High Terrace Deposits of the Monongahela river. 
I. C. White. These terraces along a distance of more than a hundred 
miles, extending at least from Weston, W. Va., to Geneva, Pa., are at- 
tributed to deposition in slack water, amounting to a lacustrine condi- 
tion. They are practicaly level, while both the rock shelf and the 
present rock bed of the valley have a regular descent downstream. The 
clay deposits of the upper terrace level (about 1,000 feet above the sea) 
are, in places, as much as sixty feet thick, and contain multitudes of 
perfectly preserved leaves. Most of the species are of trees and other 
plants which still occupy the same region; but at least one is now re- 
stricted to the region north of the great Laurentian lakes, thus pointing 
to the influence of glacial conditions in depressing the temperature as 
far south as West Virginia. The ice-dammed lake in which these ter- 
race deposits were formed is named lake Monongahela. Its formerly 
level plane is now 1,000 to 1,100 feet above the .sea. 

To account for the slack water at this level, the author now adopts 
the theory advocated by Hice and Foshay and by Chamberlin and Lev- 
erett, that the original drainage of the Monongahela basin passed north- 
ward, through the Big Beaver and Mahoning valleys, to the lake Erie 
valley. But this direction of the drainage was before the ice-sheet ex- 
tending from the north reached the watershed of the present Ohio. 
Then it was reversed, and the streams from the ice melting and from 
rains rapidly cut through the cols which separated the headwaters of 
the various branches running from the flanks of the Allegheny uplift, 
thus forming the new stream which the Ohio essentially is. The sug- 
gestion of Chamberlin is accepted, that there was a col south of Wheel- 
ing to be cut down, and it is thought to have been sufficiently high at 
first to form the barrier that dammed the water up to the level of the 
Monongahela terraces, which therefore are now so explained without 
the help of the Cincinnati ice dam, although that may have been influ- 
ential to produce terraces farther down the valley. As to the time re- 
quired for the production of the present Ohio valley, by the erosion of 
cols, it was inferred that the ice-sheet may have taken thousands of 
years in slow extension from the watershed of the Ohio to its farthest 
bounds, while the rocks below Wheeling are very soft and would have 
been rapidly worn away. 
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by scattered sierras which are notably rugged; and since the general 
conformation of the province was shaped it has suffered south westward 
tilting whereby the southwestward flowing streams have been stimu- 
lated and the northeastward flowing streams paralyzed to the extent 
that the divides are migrating and no longer coincide with the dominant 
topographic features. One of the striking characteristics of the prov- 
ince is the ruggedness of the mountains and the sharpneps with which 
they rise from the flat-lying plains: a still more striking feature is the 
structure of the plains— they consist of the planed edges of strata simi- 
lar to or identical with those composing the mountains, veneered with a 
thin sheet of mechanical debris, and are manifestly produced by wide- 
spread planation extending over the greater part of the province, i. e., 
the entire area except the central portions of the valleys, which are 
deeply lined with alluvium, and the scattered sierras which are rem- 
nants of an ancient plateau. 

On studying the process and agencies of erosion, it is found that the 
chief agency is storm-water and that active erosion is limited to a few 
consecutive hours or days during the semi-annual, annual, or more 
widely separated storm-freshets. When such freshets occur the waters 
are quickly charged with mechanical debris, the products of past storms 
or of inter-storm disintegration: the overloaded freshets push slowly over 
the vast plains in sheets of muddy water; and whenever the viscid sheet 
begins to segregate in a stream its velocity and hence its transporting 
power immediately increase until it is overloaded more heavily than 
before, and within a few yards begins to build up a delta by which its 
velocity is checked and its volume reclistributed; so that the ultimate 
tendency of the flood is to continue in a sheet until the waters are lost 
through evaporaticm and absorption. Thus the characteristic form of 
water-flow is not in streams, but in sluggishly moving sheets which may 
be called Hheetflinxiax these are amply supplied with rock matter which 
is mechanically disintegrated rather than chemically reduce<l, and which 
is thus an efficient eroding substance: and throughout most of the re- 
gion the tendency of the storu» waters is not to carve valleys, but to 
plane broad belts two to twenty miles or more in width. It seems cer- 
tain that this distinctive agency has produced the distinctive conforma- 
tion and structure of the province. 

23, Glacial FU>od Dejyosits i7i tfie Chenango Valley, Albert P. 
Bkigham. The aqueo-glacial or modifled drift deposits found in the 
C'henango and Oriskany valleys from Deansville, near Utica, to Hing- 
hamton, N. Y., are describetl as kames, eskers, kame terraces, frontal 
terraces, and valley trains, in this terminology following Salisbury. 
True till is found only on the main hill slopes. The kame terraces are 
deposits marginal to ice tongues, being the same as the lateral moraine 
terraces of Gilbert. The frontal terrace is associated with kames, and 
in some cases is shown to be a true delta deposit. It is a frontal apron 
of the valley type, and is closely related to the sand plains of Davis and 
others. Massive fine clays, underlying the valley train gravels, show 
lacustrine ccmditions of long duration, whose history is not yet deter- 
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'J7. Post Ct-etaceons Grade-plains in southern New Englantl. P. P. 
Gulliver. The Jura-Cretaceous poDeplain of the eastern United States 
has been elevated and dissected. The elevation of southern New Eng- 
land was from 150 to 250 feet, causing grade-plains to be developed fur 
one or two hundred miles inland. Afterward the land was again up- 
lifted 100 to 200 feet, and grade-plains were again develoi)ed at a great(^r 
depth. The land still continued to rise, and trenches were cut below 
the level of the second lowland grade-plains. Lastly, a slight depression 
now allows the sea to enter some of the valleys. 

:«W. The Algonquin River, G. K. Gilbert. The channel of this 
Pleistocene river was first observed and named by Spencer in 1888, be- 
ing then described as the outlet of lake Algonquin. It fk)wed from the 
old lake at the site of Kirkfield, Ont., down the Trent valley to lake 
Ontario. In 1891 Spencer hesitated between this opinion and the view 
that the Algonquin water was a gulf of the ocean, the relation of its 
highest plane to the Kirkfield paps being a coincklence; In papers 
published this year he has adopted the latter theory without reserve. 

Last autumn Mr. Gilbert examined the upper course of the Algonquin 
river from Kirkfield to Fenelon Falls, and traced considerable parts of 
its lower course, finding everywhere unmistakable channel charactern. 
The Trent drainage valley includes many lakes. In the shorter stream 
ways between lakes the drift, originally from 20 to 70 feet deep, has- 
been removed for a width of one mile, exposing bare sills of Trenton 
limestone. In longer stretches of constricted passage the width of t he- 
old channel ranges from 1,500 to 3,000 feet, and the bottom is often 
paved with great boulders. Above Rice lake the channel is divided, one^ 
part following the Otonabee, the other Indian river. There is a delta at 
the estimated position of the Iroquois plane ; but, as that is also thr. 
plane of Rice lake, the correlation with lake Iroquois is questional^^e. 
The old Pleistocene channel does not stop at Rice lake, Imt continuew 
with undiminished strength to lake Ontario at Trenton. 

It follows, (1) that the Algonquin water was a lake, and not a gulf : 
(2) that during the epoch of the Algonquin river the Niagara drained 
only the Erie basin ; and, (3) that the waning of the ice-sheet opened 
the upper St. Lawrence valley before it opened the Mattawa valley. 
(The last inference has been reached also by Taylor from independent 
data.) 

Spencer has traced the Algonquin shore line as it descends froiu 
Ku-kfield and from the vicinity of lake Simcoe, westward along the 
south side of Greorgian bay and in the- Huron basin ; and Taylor has 
recently observed it at Sarnia and Port Huron, where it is not far above 
the water of lake Huron. I infer (thus agreeing with Taylor's latest 
and Spencer^s earliest opinion) that the outlet of lake Algonquin was 
diverted by terrestrial deformation from Kirkfield to Port Huron ; aufl 
it follows that the opening of the St. Lawrence passage and tl^e result- 
ing disappearance of lake Iroquois preceded that diversion. These re- 
sults have a bearing, not only on the use of the Niagara gorge ad a 
chronometer, but on the comparative geography of the ice-front. 
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fact that the work was performed in the summer of 1895, when the vol- 
ume was exceptionally small. The remainder of the profile was interpo- 
lated by the aid of comparative studies of the character of the water 
surface. A depth of about 100 feet is ascribecl to the stretches above 
and below the Whirlpool, each being separated from the Whirlpool ba- 
sin by a narrow sill: the depth of the Whirlpool is estimated at 150 feet: 
and a gradual deepening is inferred for all the channel below Winter- 
green flat. 

In interpreting the profile, features at the Whirlpool are explained by 
the phenomena of the buried channel, and the depth at the mouth of 
the gorge by a temporary low baselevel of post-Iroquois date. The 
shoals at Wintergreen flat and the Whirlpool rapid are correlated with 
epochs when the discharge of the upper lakes by the Trent and Mattawa 
valleys left the Niagara river and falls too small and weak for deep 
excavation. 

31. The Niagara Fails Gorge. George W. Hollev. No abstract 
nor notes of this paper have been received; but reference may be made 
to this author's interesting little book on Niagara, published twenty- 
four years ago.* 

32. Origin and Age of the Laurentian lakes and of NUt^ara Falls. 
Warren Upham. (Read by Prof. C. H. Hitchcock.) Published in the 
last preceding number of the American Geolooist (vol. xviri, pp. 169- 
177, with map, Sept., 189(5). 

33. Correlation of W^arren Beaches with Moraines and Outlets in 
Southeastern Michigan. F. B. Taylor. The work reported was begun 
early in June of this year by Mr. G. K. Gilbert, and was afterward con- 
tinued by the writer at his request. It was found that the Forest beach, 
w^hich is the lowest well-marked beach of lake Warren, rises from 83 
feet above the level of lakes Huron and Michigan near Port Huron, 
where Prof. Spencer measured it, to 195 feet at Bad Axe, where it rounds 
the end of the ** thumb" of Michigan (the projection southeast of Sagi- 
naw bay). From Bad Axe it passes through Gagetown to Vassar, and 
then backward to Cass City : thence it runs southwesterly past Juniata 
and Clio, and thence nearly west to Maple Rapids, about Ave miles 
within the head of the Pewamo channel. At Chapin its altitude is 
about 125 feet. Beyond that place westward the aneroid determinations 
were not very satisfactory. At Maple Rapids the Forest beach has an 
approximate hight of 100 feet. 

Detailed study of the glacial topography in the region about Bad 
Axe, Verona MUls, and Ubiy, shows that up to about 200 feet the land 
has a gentle and comparatively pmooth slope toward lake Huron. 
Above is a rugged morainic topography, with the hilltops 250 to 275 feet 
above the lake. Near Port Huron the Arkona beach, as identitied by 
Spencer, is 116 feet above the lake. But the closest examination of the 
hills near Verona Mills and Ubly failed to show any trace of shore lines, 
above the Forest beach . 

*Niaflrara: its History and Geology, Incidonts and Poetry, with Illustratious. 1872. 
(163 pages ami a map.) 
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river in southwestern Ohio, we have a perfect and unbroken series mark- 
ing stages in the retreat of the last ice-sheet from near Cincinnati to 
the strait of Mackinac. 

Beginning at Leverett's most southerly moraine, near Cincinnati, ami 
numbering the series northward, along the central axis of the Great 
Miami valley, down that of the Maumee,up that of the Detroit and St. 
Clair rivers, and thence northward along the east shore of Michigan, 
we tind that the fifteenth or Hagenville moraine lies just south of the 
strait of Mackinac, and that the thirteenth or Huron Saginaw moraine 
lies a little back from the shore of Saginaw Imy and the south arm of 
lake Huron. That the tirst moraine back of the shore in each of them« 
latter valleys is in reality one continuous moraine. In^nding northwanl 
around the *' thumb *' and marking strictly (*ontem()oraneou8 pi>sitioDS 
of the ice front, was a subject for pnwf by observation. This fact wjis 
established by a detailed study of the moraines near Ubly. The tirst 
moraines of the two valleys join in a right angle near this place, the Sag- 
inaw moraine running to the northeast to join the Port Huron moraine 
which comes up from the southeast. The angle is sharp and the forms 
of the moraines are quite simple, leaving no doubt as to contempt^ra- 
neity. 

In making the count of moraines, the central axie or line of least 
resistance in the valleys was followed in order to avoid the iHwfusion of 
moraine knots. The oscillations of the ice front were thert* freest, and 
in the present case the line indicated from Cincinnati to Mackinac has 
no moraine complex. The series appears tt) In* complete and without 
omission. 

If we turn northeast at Toledo and pass down the axis of lake Erie 
and over into the lake Ontario basin, numl)ering Leverett's moraines 
as we go from the Toleilo moraine as the eleventh, we shall find that 
the Albion moraine in western New York is the fifteenth. The interval 
remaining between the Cleveland and Hamburg moraines is so great as 
to suggest a possible omission of one membt^r. But this is hardly 
likely. The LiK'kport moraine as the fourteenth iH>rn»siM»nds to the 
Alcona moraine of Michigan, the fourteenth on the northwanl line. 
The fourteenth and fifteenth moraines undoubteiUy pass along the 
south side of CJeorgian bay between Jakes Huron and Ontario : an<l one 
or the other of these two pmbably reconls the ice barrier of lake \Varrt»n 
in its last stage. 

The more imjKirtant conclusions suggesttnl by this pajw^r were nott^l 
only very briefiy. The irregularities in the moraine series are sk} simple 
that they are nearly all readily accounted for by the topographic fea 
tures in the path of the moving ice-sheet. Such being the cas<». it 
becomes plain that if the irregular features of the land had been al.w^nt 
the moraine series would have been nearly if not i>erfectly regular. 
These characters point to the following conclusions: first, that the os- 
cillations of the glacial rece8sif)n were regular, pericnlic variations, hu 
perimposed upcm the main recesFional condititm: and, second, that this 
main recession was itself nearly if not perfectly regular. It is iKissible, 
h owever, that the general recessitm had a slowly accelerating rate. 



^ , - - y ' .- • - -«. , .-r •- ^^- «* ,.^; j^ *r .^ *• 




236 The Amertcam €ftoiogi»L October, isos 



' These codcIubiods obviously point to the cause of the oscillating re- 
cession as neither local nor terrestrial, but climatic and hence of astro- 
nomic origin. Thus the nature of the cause of the Ice Age is apparently 
disclosed by evidence drawn directly from observations on the drift. 
This subject, which in a different phase has been briefly considered by 
Woodworth in the last Am. Geologist (p. 167), will be discussed more 
fully at a future time. 

The moraines here described were shown on a colored map. Other 
maps, illustrating portions of the themes of this and the preceding ia- 
per, have been given by Mr. Taylor in another very valuable paper, en- 
titled *^ A Short History of the Great Lakes,^ in recent numbers of the 
Inland Educator (vol. ii, pp. 101-1(0, 13&-145, and 216-223, March, 
April, and May, 1896), published at Terre Haute, Indiana. 

35, The Operation$ of the GeologiccU Survey of the State of New 
York. James Hall. 

36, The Eocene Stages of Georgia, ' Gilbert D. Harris. The north- 
em border of the Eocene of Greorgia was indicated more correctly by 
White's map in 1849 than on maps of subsequent date; but the hand- 
books published by White, Stephenson, Henderson, and others, contain 
little reliable information on this subject. Lyell did some good work 
along the Savannah river, and properly referred the exx)osure at Shell 
Bluff to a horizon not far from the Claiborne. The mapping of the sub- 
divisions of the Eocene in southwestern Georgia by Spencer, in 1891, 
must have been somewhat hasty, since it isnow ascertained that nearly, 
if not quite, all the area he includes in his map as middle and upper 
Ekx»ne is occupied by Vicksburg beds. 

During the past summer the author has traced the Midway stage 
from the Chattahoochee river to Putnam, Marion county. The Lignitic 
stage seems not to be foesiliferous east of the Chattahoochee. The 
Lower Claiborne is represented by siliceous ledges seen at quarries two 
miles east of Ft. Gaines, where it is fossil if erous; in the central part of 
the state it is unfossiliferous and consists of whitish sands; on the Sa- 
vannah it is marly and sometimes indurated, as at Shell Bluff. 

The Vicksburg beds are enormously developed in southwestern Geor- 
gia, their northern limit passing four miles east of Ft. Gaines, five miles 
north of Cuthbert one or two miles west of Anderson ville, two miles 
south of Perry, past West Lake and Sandersville, and thence probably 
southeast to Screven county, though from Sandersville eastward Prof. 
Harris has not personally studied this stage. A remarkable outlier of 
Vicksburg rock is found twelve miles north of Fort Valley, at Rich 
Hill, Crawford county. The southern limits of this stage are still not 
well defined, especially in the southeastern part of the state. 

37, The Origin and Age of the GypHmn Depiysitn in Kansas, G. P. 
Grimslev. The gypsum beds of Kansas, mapped during the past sum- 
mer for the University Geological Survey of the state, outcrop in a belt 
of varying width extending diagonally across the state in a northeast to 
southwest direction. They cover an area about 180 miles long, grad- 
ually widening toward the south: its width is 10 miles at the north, 20 



Meeting of tke American Association, — Upham. tAl- 

miles in central Kansas, and (X) miles in southern Kansas. The deposit 
increases in thickness southward, from eight feet in northero Kan«a8, 
and from 14 feet in the central part, to 25 feet in southern Kansas^ ani> 
farther south it is even thicker. The gypsum of northern Kansas ift 
1,250 feet above sea level: of the central portion, 1,300 feet; aad of the 
southern part. 1,700 feet. The dip is in general south and a Httt* 
east. 

The gypsum occurs in three well marked areas, the northern Kaii«a» 
or Blue Rapids area, the central or Gypsum City area, and the south- 
ern or Medicine Lodge area. The age of the northern deposit is Per- 
mian, referable to the Neosho division of Proeser. Its origin is due to 
the evaporation of an old gulf, which did not evaiwrate sufficiently for 
the deposition of salt. 

In the central area there are two well markeil layers of gypsum, the 
lower a gulf deposit, while the upper cK'curs in basins of eight to twenty 
acres each, having more the character of lake deposits. Here the gyi>- 
sum rock belongs to the Marion division of the Permian of Prossor. 
This central area has also deposits of gypseous clay, of very considBP- 
able economic importance, which are clearly secondary and of recent 
formation, being due to the precipitation from gypseous springs an^ thtf 
wash from adjacent hillsides. 

The southern or Medicine Lodge area of gypsum belongs to the Red 
beds, and was an evaporating gulf of shallow depth. 

38, Geomorphic Notes on Norway, J. W. Spencek. An account of 
the probable Tertiary and Quaternary epeirogenic movements ami re- 
sulting land sculpture of Norway by 8uba6rial erosion, based on the 
author's reconnoissances of that country during the past summer and 
in a former visit there, several years ago. 

39, The Slopes of the Drowned AntiUean Valleys, J. W. SppNCfift. 
These slopes are shown to be no greater than those of the land valleys : 
and, indeed, their gradients are often found, when exactly determined^ 
to be less than in the upward continuations of the same valleys on the 
land. 

40, Notes on Kansan Drift in' Pennsylvania. E. H. Williams. The 
border of the attenuated Kansan drift has now been cxamineil from the 
Delaware river to Butler county, near the western line of the state. It 
is found that the rock erosion was nearly all accomplished before the 
farthest extension of the ice-sheet, and that the glacial motion was very 
slack toward the extreme border. There is a marked difference between^ 
the drift on the border east of Salamanca, N. Y., where the sharp turn, 
is made, and west of that point. Evidently this angle indicates when^ 
two lobes from different directions and with different kinds of drift met 
and contended. The western lobe crossed Ui the east side of the Alle- 
gheny river down as far ixs Emlenton, a little above Parker's :Landing. 
thus accounting for the high level gravels as far down as that point. 
These gravels are thought to have been quite generally brought in by 
glacial affluents from the west; and this may likewise be. the. origin of 
much material farther down the valley, which neeos to be more fulty 
studied. 
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. The freshnesB of many of the pebbles in this oldest drift shows it to be 
of oomparatively recent ai^e, and not so enormously old as some have 
thought it to be. There are occasional pebbles which had evidently 
iieen deeply weathered and then were subjected to glaciation on one or 
two sides, so that the weathered parts are worn through. Since the 
glaciation the weathering has been slight, thus demonstrating that the 
.presence of weathered pebbles in glacial deposits is not a certain evi- 
dence of great age. In this region the pebbles and cobbles had been 
rolled and weathered before the ice-sheet took them up. It is by no 
iueans improl>able that the flowing ice incorporated in its current vast 
banks of sand and gravel in Canada, with pebbles already worn and 
weathere<l, and brought them across the Erie basin to the valley of the 
Ohio withcjut much abrasion. 

4t,. Pi-eliminarf^ Notes on the Columbia Deposits of the Susquehanna, 
H. B. Bakhobk. The sand and gravel terraces of this valley in the vi- 
<:inity of Harrisburg, about VV) feet above the river, are shown to be due 
to river floods from the ice melting, not being indicative of subsidence 
of the valley. 

42, PreC,*fUfibrian Baselereling in the Northwestern States. C. W. 
iiALt... The records of deep well borings to the Algonkian and Archean 
nx;kB show that they had been more or less fully baseleveled, with de- 
nudation ti) an approximately plane surface, cutting across the stratifi- 
cation and folds, before the deposition of the overlying Cambrian and 
4atcr rock foripations. Maps and sections have been drafted according 
to the records of the present subterranean contour of this Pre-Cambrian 
IK^neplain. 

Geological Papers in Section H (Anthropology). 

Human Relics from the Drift of Ohio. E. W. Claypole. Speci- 
ujens were exhibitwi which were regarded as proof of the presence of 
tnan in Ohio during the Ice Age, having been found near New London, 
Huron county, at depths ranging down to 22 feet from the surface, 
in gravel deposits that apparently can not have lieen disturbetl since 
glacial times. This paper will bo published in an early number of the 
American' (»kolo(jist. 

Fnesh Gextlogical Evidence of Glacial Man at Trenton n New Jersey. 
G. FREnEKicK -Wright. During last May, under the direction of Mr. 
Ernest Volk, a |)ortion of the surface of the glacial sand and gravel ter- 
race in the Oflaware valley at Trenton, N. J., was dug over in the pres- 
ence of Prof. Wright, for the sake of testing and demonstrating the 
succession of the stone iniplements describt'd by Dr. C. C. Abbott in 
this ^(ravol. The 8c»cti(»n explored began at the edge of the bluff on the 
Lalor farm. al>out one mile and a half from the center of Trenton, 
whf.n' it is about ;">() feet above the river. A trench three feet deep and 
three or four feet wide was dug back from the edge about 30 feet, and 
all the material excavated was carefully examined. The upper foot of 
fiiateria I was darkly c()lore<l with vegetable mould, and had evidently 
♦m en disturlKjd. In this tb€»re were numerous implements and chips of 
rtint and jasper, and an occasicmal piece of argillite: but in the lower 
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two feet of the excavation, which had evidently been undisturbed, no 
fragments of flint or jasper were found, but there were numerous chipit 
and irregular fragments of argillite. Mr. Volk has in a similar manner 
excavated an area of an acre or more, with corresponding results, so that 
now there seems to be no further reason to question the facts reported 
by Dr. Abbott. 

The evidence that this is glacial gravel, and that these argillite im- 
plements and chips were in the gravel at its original deposition, is 
thought to be incontrovertible. The terrace here is more than a mile 
wide, and is almost perfectly level: the excavations were made running 
back from the bluff which faces the river: the sand in which the argil- 
lite is found is stratified and compact: and there has been no chance for 
subsequent wash to cover so large an area with such a deposit, which is 
continuous with the whole terrace. Besides, icc-VK)rne boulders, two or 
three feet in diameter, occur upon the surface at various places in the 
near vicinity. The sharply angular character of the fragments indi- 
cates that they were lost on the sjjot, and not rolled down by the flood. 
That they have not been carried down from the surface by burrowing 
animals, or through holes left by decaying taproots of trees, is clearly 
shown by the fact that only argillite is found in the lower two feet of 
the excavation. 

Prof. F. W. Putnam supplemented this 4)aper with a statement from 
Mr. Volk, describing his subsequent work, and opened the box con- 
taining the specimens found by him, only argillite V)eing noted below 
the surface soil or first foot of depth. 
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Extent of the Area. 

Bedford lies in the northeastern part of Westchester county, 
about forty miles north of New York city and four miles 
Boutheast of Bedford station on the New York & Harlem R. K. 

The prevailing rock in the vicinit}' is the gray Fordham 
gneiss, which is a line-grained mixture of (|uartz. feldspar and 
biotite, showing distinct handing and normally rather quartz- 

♦Read by title at the Buffalo meeting of the American Association 
for the Advancement of Science, August 25, 189(). 
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Qse.* In the northeastern part of Westchester Co. it may 
become rather schistose, due to the increased development of 
biotite. 

Doloniitic limestone of later age (probaV>ly Trenton-Caloif- 
erous) is found in the larger valleys. 

The "augen"-gneiss extends over an irregularly ovoid area, 
starting from a point about one and a half miles northeast of 
North Castle and extending six miles in a northeastly direc- 
tion to Pound Kidge. Bedford village lies on the northwest- 
ern edge of the area, while the southeastern boundary runs 
approximately parallel to the Connecticut state line and about 
one mile distant from it. 

The average width is 2^ miles, thus making an area of 
about 15 sq. miles (Plate IX, Fig. 6). 

Within this area the prevailing strike is N. .30^-40" E. and 
the dip 35^-40^ N. W. 

The '*Augex"-Gneiss. 

The normal phase of the rock is a fine-grained, gray, gneis- 
sic mixture, containing numerous *'augen" of pinkish feld- 
spar, thus giving the rock a distinctly porphyritic aspect. 
These feldspar **augen" usually form a large proportion of the 
rock mass. They vary in size, the average length being one 
inch, although -some are three or four inches long and all show 
twinning after the Carlsbad law. These porphyritic crystals 
are in large part microcline or show "microclinic"' structure 
as described later. On some outcrops where weathering has 
taken place the ''augen'' appear in bold relief (Plate VIII, 
Fig. 1 ). 

In most cases the ''augen'' are elliptical in shape, with 
rounded or rectangular ends, and at times almost showing 
crystallographic boundaries. Again this shape is distinctly 
lenticular, as is well shown by a specimen f rom L. McDonald's 
(piarry, where a portion of the large *'auge" has been sheared 
off at the end of the lens (Plate IX, Fig. 5). 

A constant feature is the parallelism which the "augen" 
show with the schistosity of the gneiss, but they are not al- 
ways uniformly distributed through the rock, at times ap- 
pearing in well marked bands of varying dimensions. 

*F. J. H. Merrill. The Metamorphic Strata of SoutheaBtern New 
York. Amer. Jour. Sci. (3), xxxix, 18S, 1890. 
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On the northern edge of the area the rock i«? rather tine- 
grained and its structure approaches closely t « the normal 
gray gneiss of the region (Nos. and 4). The *'augen"-gneiRS 
is to be seen at the foot of Baylis' cliff (19), apparently un- 
derlying the ordinary gray gneiss and dipping 35^-40^ to the 
northwest. 

Along the northwestern edge of the area (Nos. 50 and 57) 
many garnets may be noticed and on the north and southwest 
edges rather dark gray hornblende-schists occur. In the tield 
these schists appear very similar to a darker phase of the 
Fordham gneiss, but subsequent investigation may prove them 
to have the origin suggested by F. J. H. Merrill for similar 
hornblendic rocks found in West<;hester Co., which he sup- 
posed to be altered diabase and diorite dikes.* 

On the road from Bedford to Long Ridge and at Nos. S, 11 
and 13, the best examples of the **augen"-gneiss are to be 
obtained. 

Near the southern edge of the area, by the Connecticut 
state line, the rock grades into a moderately tine-grained 
granitic type, which the microscope shows to, be simply a 
more crushed phase of the "augen"-gneiss, while on the east- 
ern edge of the area the Fordham gneiss again appears, but 
no passage from one to the other is seen. 

There are marked evidences within this region of violent 
dynamic action, as shown by crumplings in the gneiss, pinch- 
ing out of the **augen'' and shearing phenomena. This is 
further substantiated by the microscopical examination of 
the specimens. 

A remarkably good example of the wavy lamination of the 
gneiss can be seen in the Ferris cliff on the Banksville road, 
just south of the Bedford township line. The cliff' lies east 
of the road and is about 30 ft. high, with a very steep slope 
leading up to the bottom. The local monoclinal folding of 
the dark gray gneiss is well shown in the face of the cliff, the 
laminations are very distinct and the gneiss is jointed to a 
marked degree. The feldspar and quartz are scattered 
through the gneiss in more or less granular veinlets. Near 
the upper portion of the cliff there appears quite a broad band 

♦Amer. Jour. Sci. (3), xxxix. 383, 1890. 
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In these pegmatite areas the colors of the quartz and feld- 
spar vary considerably. Rose, white and smoky quartz are 
found: while the feldspar varies from dark red to almost 
white, which loss of color seems to be due to kaolinization, es- 
pecially near the surface. -'Perthitic" intergrowths of feld- 
spar are noticed in P. H. KinkePs quarry. 

The two following analyses of feldspar from P. H. Kinkel's 
quarry show it to be high in potash, with practically an ab- 
sence of lime. The feldspar seems to be chiefly orthoclase, 
although many evidences are shown microscopically of micro- 
clinic structure. 
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Unfortunately no contacts of the quartz and feldspar with 
the porphyritic or **augen"-gneiss were obtained, as the exca- 
vation has always stopped when the minerals became too 
mixed to be of commercial value. So far as the surface out- 
crops go, the change to the surrounding rock seems to be 
gradual and there is no evidence of an irruptive contact be- 
tween the pegmatite and the "augend-gneiss. 

In the southeastern portion of L. McDonald's quarry (A) 
there occurs a steep wall of biotite-hornblende schist, some- 
what decomposed and forming an abrupt bounding wall to the 
pegmatite. The dip is very steep and the strike S. 30^ W. 

There are very few good contacts with the schist to be ob- 
served, as the quarrying has not been pushed that far on 
account of the impurities encountered. At one place, however, 
near the mouth of the excavation a very sharp contact can be 
seen. A section of this contact showed the pegmatite to con- 
sist of quartz, plagioclase and orthoclase, the latter containing 
plentiful hematite inclusions and, near the contact, enclosing 
small rounded grains of quartz. The contact under the mi- 
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show quite distinctly on the weathered surface. At times the 
plagiodase almost disappears, leaving a schistose aggregate 
of hornblende and mica. A more or less decomposed phase of 
the gneiss was noticed which consisted of abundant ))lagioclase 
and mica. Very near the dike a good specimen of the 
" aiigen "-gneiss was obtained and a vein of white quartz out- 
crops just northwest of the road within a hundrfed feet of the 
dike. 

Dike Xo. 27, The rock is essentially an aggregate of horn- 
blende crystals with a little mica and varies considerably in 
texture. The color is a dark greenish black, and portions 
near the contacts are considerably decomposed, (xarnets are 
extensively developed in the adjoining gneiss. The ** augen "- 
gneiss appears on the same slope and quite near the dike, 
which has probably branched, as a small isolated outcrop 
occurs by tht road side at the top of the hill. The large peg- 
matite vein on A. Hobby's farm (/') is about three-eights of 
ji mile southwest of the dike. 

Petrography of the Area. 

'' Augen ''Gneisa, This consists essentially of orthoclase, 
quartz and biotite. The orthoclase is for the most part pre- 
sent in the shape of " awf/e« " of varying size, with lenticular 
outline. Carlsbad twinning is the rule and microcline some- 
times replaces the orthoclase either wholly or in part. •* Micro- 
clinic" structure may however be developed in the orthoclase 
as the result of dynamic action, as it often has a rather in- 
constant appearance.* Alteration to kaolin is noticed but 
not to any great extent. A few quartz inclusions occur 
in the "augen" and wavy extinction is very marked as the 
result of dynamic action. A section of an " auge " parallel 
to the twinning plane (No. 11) showed, with reference to the 
basal cleavage, the characteristic small extinction angle (5^- 
7^) of orthoclase. This section also showed a few small 
('arlsbad twins, of the same species, lying parallel to the 
cleavage planes. These inclusions were usually surrounded 

♦A. Harker, Petrology for Studentv, p. 279. 

J. W. Judd states that " the great mechanical strains, to which rock- 
forming orthoclases have in some cases been subjected, has frequently 
caHsed them to assume the external angles, the internal structure and 
optical properties characteristic of microcline." QeoL Mag, f31, vi, 
243, 1889. 
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The shearing force which has produced the **aiigen"' has 
at times pulled off pieces from the ends of the larger lenses, 
thus giving rise to a train of feldspar lenticles extending in a 
direction parallel to the diameter of the lens, as shown in a 
section from No. IK A good example of the formation of one 
of these smaller lens is shown in Plate IX, Fig. 5. 

The possibility of the "augen*' being true phenocrysts or 
segregations seems to be barred out by the absence of notice- 
able inclusions or secondary" enlargements and by the presence 
of marked wavy extinction. Furthermore the '*augen" are in 
nearly every case surrounded by crushed rims. 

The fine-grained (jroviulmaas of the rock is composed of 
feldspar, quartz, biotite, muscovite, and in lesser amounts 
apatite, zircon, garnet, hornblende and magnetite. 

FeltfsjKtr is principally orthoclnse, although plagioclase and 
microcline are present. It is usually granular and shows, at 
times in a very marked manner, its derivation from larger 
individuals by crushing. Wavy extinction may be seen in 
most of the larger fragments. At times the microcline is 
evidently paramorphic after orthoclase. Evidence of decom- 
position is seen in all three of the varieties of feldspar, but 
has not proceeded far. 

Quartz, in addition to the characteristics mentioned before, 
shows abundant inclusions, the commonest of which are ex- 
ceedingly small and dust-like. They are sometimes arranged 
in strings normal to the schistosity. 

Biotite, having the usual appearance and of a brownish 
color, occurs plentifully distributed through the rock, the 
shreds in general lying parallel to the schistosity. 

Muscovite is seen in lesser (piantity. 

Apatite and zircon, of the usual habit, occur plentiful!}^ as 
inclusions and some of the zircons show distinct pleochroism. 

Garnets^ with more or less centrall}'- aggregated inclusions, 
characterize certain phases of the gneiss. 

Hornblende shreds were seen in a few sections. 

Matjftetite grains occur sparingly. 

Schists. 

Schists from Nos. 23, 40 and 55, previously mentioned as 
being possibly metamorphic diabase dikes, appear in sections 
to vary somewhat in mineralogical composition and to consist 
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accompanied by bleaching and the f*eparation of magnetite, 
which forms abundant included grains irregularly distributed. 

Biotite is rarely present, although somewhat abundant in 
No. 14g, where it showed intergrowths with hornblende and 
also a few inclusions of the latter mineral, proving that 
the hornblende began to form first but had not ceased before 
the commencement of the biotite crystallization. 

HutiJe is common in the form of slender needles in the feld- 
fc?par. 

Apatite, of the usual habit, occurs as inclusions in the feld- 
spar, and a few prismatic crystals of tonvmntine were also 

found. 

MafjNctite is sparingly present, usually as inclusions in the 

hornblende. 

Pyroxene, in small granular masses, was seen in one sec- 
tion (14g). 

TitanUe, zh'coti and pt/ n't e are rare, as is also interstitial 
quartz. 

Dike at 27. This intrusive varies considerabl}' in texture 
from coarse to fine and also in mineralogical composition. 
The sections, from the more central portions of the out<jrop, 
show that the dike consists essentially of a hornblendic rock 
(amphibolite) composed of an aggregate of interlaced horn- 
blende and biotite individuals, both containing plentiful in- 
clusions of magnetite. Towards the edges of the dike the 
rock appears as a mixture of irregular plates and broken frag- 
ments of hornblende, intimately mixed with granular pyroxene 
and titanite with subordinate biotite. The hornblende, in this 
phase, contains inclusions of titanite and granular pyroxene, 
which latter show no connection, in their optical orienta- 
tion, either with respect to themselves or their host. Augite 
lias also been noticed by J. F. Kemp, both as inclusions in, 
and at the same time surrounding, hornblende crystals, evi- 
dently formed from the latter mineral by resorption.* 

Hornblende occurs as the prevailing mineral in lath-shaped 
individuals, broken fragments or shreds. The color is green 
and the mineral exhibits its characteristic absorption and small 
extinction angle. No evidences of uralitization are seen, and 
the before mentioned inclusions are common. 
*Amer. Jour. Sci. (3), xxxvi, 251, 188S. 
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/Circoti of tile usual type is found in very subordinatt? 
amounts. 

(Jf/arfz is notieoahly absent, only upi)earin^ in small grains 
in section 27e. 

livfilc is praetieably absent from thisdike, the titaniferous 
mineral being titanite, whieh is in marked contrast to the 
dike at 14 in whicb rutile is so abundant. 

The Intn ores, magnetite and titaniferous nuignetite, are 
f(»und in small grains in varying amounts. At times the maj:;- 
netite is plentifully developed in the hornblende and biotite. 
Pvrite is also found. 

Some of the sections of dike 27 bear a resemblance to the 
Crugers diorite, in which, however, the plagio<*las(^ is better 
developed and the hornblende more pleochroic, containing also 
more magnetite inclusions. 

A section of the gneiss (27) near this dike, showed abun- 
dant development of garnet as the result of contact metamor- 
])hism ; and a few rather short rutile needles were noticed in 
(|uartz grains in this section. 

OuiCilN OF THK •* At-iiKN "-(iXKISS. 

A discussion of the probable origin of the '• augen "-gneisH. 
and the metaniorj)hism to which it has been subjected, would 
hardly be complete without reference to the investigations 
and conclusions of other writers, dealing with rocks of simi- 
lar appearance. 

The question of the origin of thegneissic rocks is in general 
more or less obscure. The Fordham gneiss is at present being 
studied by F. J. II. Merrill. The gneisses of the eastern 
Adirondack region give little decisive evidence of tluMr origin, 
while those in the townshij> of (iouverneur on the west side, 
investigated by ('. II. Smyth, .Jr., appear to be derived from 
granitic rocks ; a fact which, as suggested by »J. F. Kemp, lends 
support to the theory of the granitic origin of gneisses in 
other regions. The (iouverneur gneiss differs from both the 
Fordham and *' augen "-gneiss on ac<*()unt of the mi<*roi)er- 
thite contained in it. The rock however resembles the " augen''- 
gneiss slightly in that it sometimes assumes a pf)rphvritic 
phase.* 

The so-called **augen'' structure in rocks has been noted 
from a number of localities, but in most cases. esj)ecially' in 

*C. H. Smith, Jr., Trans. N. V. Acad. Sci., xii, June, 1893. 
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this country, the origin seems to have been different from that 
of the Bedford gneiss. 

W. H. Hobbs.* in his paper on the Schists of the Southern 
Berkshires, Mass., states that the large porphyritic feldspars 
are often filled with secondary granophyre and frequently 
show secondary enlargement. These porphyritic feldspars 
are more or less oval in shape and consist of an acid plagio- 
clase. The "augen" may show no marked evidence of strain, 
except polysynthetic twinning about cracks, and the grano- 
phyre structure seems to give evidence of being secondary and 
not therefore proving the igneous origin of the rock. Second- 
ary enlargement of the feldspars is very common and is re- 
garded as recrystallization of the detrital grains of the clastic 
rock, produced by static metamorphism (pressure, aided by 
heat and mineralizers). 

The importance of the enlargement of mineral fragments in 
clastic rocks as a factor in their alteration by metamorphism 
has been emphasized by Irving and VanHise in their papers 
on the lake Superior region. 

C. L. Whittle,! in his work on the "Dynamic and Metamor- 
phic Phenomena in a Metamorphosed Conglomerate in the 
Green Mountains," states that the larger porphyritic crystals 
of albite (^ in. across and simple crystals or once twinned) in 
the chlorite schists at East Clarendon, Vt., were formed as 
secondary minerals by chemical solution and contain plenti- 
ful inclusions. A Assuring or faulting of the large albites 
was caused by a second period of mountain building forces. 

In N. H. Winchell'sJ paper, on the Origin of the Archtean 

Greenstones, mention is made of the fact, reported by G. H. 

Williams, that the feldspars have apparently withstood the 

pressure better than the quartz. The theory advanced by him 

Ik that the feldspars were produced by the chemical action 

incident to the later dynamic forces and he calls attention to 

the fact that the feldspar is fresh in the most crushed portions 

of the rock. 
J. E. Woltt\;{ in his paper on the Metamorphism of Clastic 

F'eldspar in (Jongloraerate Schist, describes porphyritic albite 

♦Bull. Gt-ol. Soc. Amer., iv, 167. 

tBull. Geol. Soc. Amer., iv, 118. 

JlGeol. & Nat. Hist. Surv. Minn., Pt. II, 23d Ann. Rept. 

§Bull. Mu8. Comp. Zool., xvi. No. 10. 
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grains of variable size which are often twinned in two simple 
halves. They are clear and fresh and contain inclusions. 
The appearance of the clastic grains which have been en- 
larged is also described and the porphyritic development of 
the feldspar seems to be due to secondary enlargement or al- 
most complete recrystallization. 

Woltf* also mentions that the Stamford gneiss, whose ori- 
gin is still doubtful, contains large porphyritic twins of mi- 
crocline. It is evident that in this rock the development of 
the mica, quartz and feldspar, parallel to the planes of breal^- 
ing and sliding, has had a great deal to do with the parallel 
structure; hence it might have been an eruptive granite mod- 
ified by metamorphism, but the field relations point to a de- 
trital origin. An **augen"-gneiss, occurring in Hoosac moun- 
tain, and containing rounded feldspar crystals is also men- 
tioned bv WollF. In this instance the rocks have been crushed 
by great pressure, accompanied by shearing action, which 
has formed new feldspar, mica and quartz. 

As further instances of similar structure in rocks, but hav- 
ing an origin more like that of the Bedford ''augend-gneiss, 
may be mentioned the occurrences described by Lehmann in 
his great work on '^Die Entshehung der Altkrystallinischen 
Schiefer,'' in which there are given numerous examples of the 
production of *'augen" by shearing forces, as illustrated in 
pi. X, fig. 5 ; XI, fig. 5, and XJI, tigs. \ and 3, the latter espe- 
cially resembling the "auge" figured from McDonald's quarry 
(see Plate IX,Fig. 5 of this work). Lehmann states (p.249) that 
the feldspars possess a special interest because of the excellent 
manner in which they show the result of pressure in bending, 
splitting, etc. He considers, however, that their surround- 
ings must have been very firm, as only under such conditions 
would the slightly pliable feldspars stand bending and stretch- 
ing, and he furthermore thinks that the cracks which they 
show, and which may or may not be filled with foreign mate- 
rial, preclude the possibility of the feldspar having been in a 
fused condition. 

( '. ( 'allawayf has described a mica-gneiss, from the Malvern 
hills, which has resulted from a granite by crushing. The 

♦Mod. XXIII, U. S. Geol. Surv. 
tQuart. Jour. Geo!. Soc, xliii, 525, 1887. 
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ar^ ffil*^ Ai^^xYi^ hj miea, ♦^lartz jr%j iAm^ •urroond the 
f^lfi^lr^r or form weri^^-*hapi^i mai^«>e>». 

y\ further '^»<^nirr*^n^^ o( W^t^par (ortbo^lasel -augen," 
m^-z^tly ^ arUha#i twin^*. ha* h*>^n not<Kl hr E. I>atbe* from the 

mira-^fri'** of the Enl^n G<^hirge. 

In »w York *tare J. F. Kf>-mp ha* obserred a complete 
tfari»ition. ^Jfi^- to frnj^hing. from the an^-baiiged Adirondack 
Hnorlhfr*itfr to th*- gnei**ic form of the «ame rock. ?ihowing 
the ahrjndant development of feldspar •*augen/' whieb are 
evidenllr the rmfrii-hed p^>rtion«."^ 

J. (f, iffpfH\('W\\(\, in hi* paper on "Augen Stroctare in Rela- 
tion to the Ori^n of the Eruptive Rock«» and Gneiss," states 
that it re*uItrJ^ from either, l^t. the ''aiigen" being the un- 
sheared fK>rtion*. or. 2d. the -augen." consisting of crystalline 
mineral** bright and iinfractured, being developed subsequent 
to the nhearing. \ release of pressure along tbe shearing 
planer in a rrK^k which is in a state of p^>tential fusion would 
cause fusion and give a chance for the crystals to segregate.* 

It is evident that the present pf»rphyritic structure of the 
Bedford rock is not the original one: and, considering care- 
fully the facts mentioned in the previous pages, there is no 
doubt of active dynamic metamorphism having been the 
cause of its alteration. 

As to the previous condition of the rock it may have been 
igneouM or detrital. The latter theory, however, seems t-o be 
preeliided by the fact that none of the usual evidences found 
in nietaniorphic rocks, indicative of their clastic origin, are 
found in the Bedff>rd " augen "-gneiss. Such evidences are 
the seccmdary enlargement of the quartz or feldspar accom- 
panied, especially in the case of the feldspar, by the presence 
of abundant inclusions; and the appearance of the water- 
wrirn boundary of the cores, unless recrystallization has been 
complete. 

The tendency to regartl it as a metamorphosed igneous rock 
is therefore natural: and it' this is so, it must have been 
a rock low in lime, magnesia and iron and high in alka- 

♦Zcitschr. d. d. Gcol. Gcs., xxxv. 2U). 

tl^'ct. Notes on Rocks, S. of Mines Quart., xvii, 158, 1896. 

JGcol. Ma^. (4), I, 355, 1894. 
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lies, therefore containing much feldspar, such as a granite or 
aplite. The result of the nietaniorphic action Bcenis to have 
been the production of agneissic structure caused by pressure, 
together with a granulation of the minerals resulting from 
shearing, tlie unsheared portions of the rock remaining as 
'* augen." The evidences of this metamorphic action a]>pcar 
as strains, bending, breaking and wavy extinction in tiie lar- 
ger individuals, and in the granulation of the other consti- 
tuents. This idea of the origin of •• augeii '' structure based 
entirely on crushing and shearing, seems to be also held by 
Kemp, Callaway, Lehmann and others as already noted. 
There is nothing to ])rove that the strains in the •' augen '' 
occurred subseijuent to the forces which j)roduced tiie crushed 
ground mass. 

(■oncerning the porphyritic aspect assumed exclusively by 
the feldspar, two theories suggej^t themselves: 1st. involving 
the idea of segregation advanced by N. U. Winchell and 
J. G. (ioodchild, both already mentioned; and, 2d, that the 
quartz being more brittle than the felds])ar would crack more 
easily, although it might be urged that the feldspar would 
give way first on the account of its cleavage.* The fu- 
sion point of ntuirtz being far above that of orthoclas«» the 
latter might become softened by the heat, produced by dyna- 
mic action, while the former was still hard and brittle. The 
softened, orthoclase would then accommodate itself to the 
strain of shearing by being drawn out. 

While this latter theory is at variance with that i)Ul forth 
by Lehmann. for the formation of feldspar ''augen" in the 
Saxon granulites, it does not seem quite manifest how a pic<»e 
of feldspar could be pulled out into a lenticular shape with- 
out being first softened (but not necessarily fused), ^'urther- 
more it would not seem that the ])resence of cracks is a posi- 
tive proof against a former softened condition of the feldspar 

♦In this connection it is well to remember that the thooretieally per- 
fect cleavage of feld8j)ar is often only made apparent, by the rending 
eflFect of grinding, in very thin sections. 



1 



^S* The Amfrietn GvotoyitI, Oefotier.lHI 

for thest i-raeke and R^rarefl might be produced by strains 
witfain (he ma^p intjd«nl U) abrinkage on cooling.* 

The notAbU abtviiee of inrlaaioD^ in the feldspar "au^n" 
would sc<^m til <>xe]ud^ ih«' idem "f their formation by segre- 
gation. The presence of granophyric structure, which ba^ 
bpen noted in a few cases in the Bedford • 'a u gen "-gneiss, does 
not throw much light on the genesis of the rock, as granopby- 
ric structure can no longer be looked upon as necessarily 
denoting igneous origin. (See Hobbs' paper previoa&ly 
quoted.) The extreme to which the dynamic action has been 
citrrifd locally is shown by the granitic phase of the rock on 
th<- ^lutheaetern border of the area, where the gneiss has been 
so cTushed (bat none of the "augen" are left. 

The origin of the Bedford pegmatite veins is «>qually inter- 
esting. Pegmatite veins are not at all unusual in other lo- 
calities, and are probably much more plen(iful than the records 
show. There are many of these occurrences in Westchester 
county, iind along the Counecticut shore of Long Island sound. 
Pegmatite veins of great size are mentioned by J. F. Kempf as 
occurring in gneiss near the contacts with gabbro and anor- 
thosite, in the Adirondack region. Granitic and pegmatitic 
veins are also noted by Cross as cutting peculiar schists at 
Satida, Col. J Those which have been described by L. G. 
Westgateg from the New Jersey highlands, are apparently 
considered by him to be igneous. 

Other marked occurrences are at Portland and Branchville. 
Conn.; Dillsboro, N. C.:g Brandywine Summit, Pa. ;«f and 
Blandford, Mass.** 

X valuable contribution on the origin of pegmatites has 
just been published by Mr. G. H. Williams in his paper on 

'Regarding the amount of shrinkage \a L-ooIing-, J. Beckenkamp 
^ZpJtschr. fur KrjBt. u. Min. V, 461, 1881, | gives the coefflcient of cubical 
exjiaDflioD for iirthoctoae as .00129 for 60°C. .According to this, and 
iuwuming tlie ortboclaae to have been heated to near its fusion point, 
viz. ab.jut 1200^0., it would shrink about 2.5 per cent, in cooling. This 
would [jrobably l>e suffluient to cause strains with resultant cracks. 
Under fontlitioDS of great pressure the temperature might far exceed 
1200*C Itefore pJaBticity eouid occur. 

tBull. X, V. State Mus„ vol. iii, Nov. 14th. 1893. 

tProc. Col. Sci. Soc- Jan., 1893. 

§.\nn. Rep. N. .J, Geol. Surv.. 1895. 

,3. K. Holmes, Trans. .A.mer. Inst Min. Eng. vol. xsvi. 

^Rept. of Prog., Pa. Geol. Surv., 1885. 

"W. O. Crosbv. Tecbnol. Quart., 1890. 
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"General Relations of the Granitic Koc*kg in the Middle At- 
lantic Piedmont Plateau."* 

In this paper Prof. Williams mentions the theories advanced 
by different writers and comments on the probable correctness 
of the aqueo-igneoiis origin of pegmatites, as advocated by 
Lehmann, Brogger and others. Regarding the source of the 
material, the lateral secretion process seems to be the one ac- 
cepted by most writers for the origin of the material. 

In Maryland, where the pegmatites are especially abundant. 
Prof. Williams considers that there are examples of both seg- 
regational and intrusive ones. The former are generally lens- 
shaped like many (juartz veins, which have evidently formed 
in the same manner, and they also show a banding parallel to 
their walls. In the intrusive pegmatites there is no banding, 
the boundaries are sharp and the character of the dike does 
not seem to bear any relation to the chemical composition of 
the wall rock. Their structure is usuallv coarse, but fine- 
grained phases may occur. Their igneous origin is shown by 
the manner in which thev branch and cut across the strike* 
and include fragments of the wall rock. The liquidity of the 
rock, as well as the pressure under which it was erupted, is 
inferred from the minute fissures which it sometimes fills. 
Intrusive pegmatite dikes may be concordant with the folia- 
tion of the gneiss, on account of their having followed the 
line of least resistance. 

In the case of the Bedford pegmatites it seems hard to con- 
ceive that such coarsely granular masses of quartz, mica and 
feldspar could be formed from igneous fusion, or that large 
and comparatively pure masses of cjuartz, many feet in width, 
should be the result of igneous processes. A hydro-thermal 
origin seems more likely, and the occurrence of abundant 
yourmaline also indicates the presence of mineralizers. 
» A similar theory regarding the origin of the larger veins of 
pegmatite in metamorphic regions has been suggested by J. 
F. Kemp,f who says: **It seems improbable that true igneous 
fusion could have afforded such coarsely crystalline aggre- 
gates and so we are forced to assume such an abundance of 

steam and other vapors as to almost if not quite imply solu- 
tion.'' 

*15th Ann. Rept. Director U. S. Geol. Surv., p. 657. 

t Lecture Notes on Rocks, S. of Mines Quart., xvii, No. 2, 189(5. 
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ture (Jood.'liild'f theory, however, iicconnts very well for 
Miegrdiliiiil inc-iHgc of 11 jtegmatile into the enrrounding rcfck. 

'rhiit (lie dinrile diki'H nre intriLsives, subsequent to the 
iiifhnjirir|ilii«iri "f ihc ■■jiiif;eu"-g(ietss, seems to he proved Ky 
till' I'fiel iliiH 1l]i> fi>ni|.rinent minerals do not showany ninrked 
flyMiiiiii'- iielioii. iind no jii'oor of the hornblende being ]>arii. 
iiMir|ihie iiftiT iiiigite has been discovered. 

yUii<y>il<«iirit\ Liiliiiriilorg iif Caliimln'a Viiiverxity, Julg, IsM!. 

*'('i>iilril)iitiiiiiK from the Min. Dejit.. C'liluaibia Univeraitv, vol. 11, 
No. a. 
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ArPP:NI)IK. 

THE MINERALS OF THE PE(iMw\TITE VEINS AT BEDFOKl), N. Y. 

By Lea McI. Lu^uer, Ph. I). 

Aufimitc is found in one small vein in P. A. KinkeTs quar- 
ry. It occurs in littlf, bright, greenish-yellow flakes, between 
the leaves of mica and the more or less open cleavage of the 
feldspar. One fair sized tabular crystal was found, but un- 
fortunately was too much broken to permit of measurements 
being made. The autunite gave satisfactory tests for Ur. and 
P. 

Fehlspiir occurs in (luite large rather pure masses, or mixed 
with quartz. The feldspar in the (piarries is principally 
orthoclase, although at times it is largely replaced by micro- 
dine. The color and chemical composition have been already 
given in the preceding article on "Augen^'-gneiss. 

No crystals, except the rather incomplete ''Augen" of the 
gneiss, have been discovered in this locality. 

Garnet, of the common tetragonal trisoctahedron form 
(211), 2-2, is found more or less plentifully, especially in the 
<iuarries belonging to L. McDonald and M. Bureusch. The crys- 
tals occur in little veins in the feldspar or sometimes between 
large plates of mica, when they have a tabular habit, being 
flattened parallel to two of the trisoctahedron faiu^s. The 
garnets are usually rather small in size and vary in color from 
a dark, reddish-brown to a pinkish-red. At times they are a 
good deal decomposed. The dodecahedron form ( LIO), /, was 
noticed on one specimen from Kelt's quarry. 

Menaccanite, in the tabular form characteristic of the vari- 
ety washingtonite, occurs sparingly in the large quartz vein 
in P. II. KinkePs ijuarry, associated with tourmaline and 
quartz. 

Mica is found in abundance, principally the spe<Mes musco- 
vite and biotit«; and occurs in more or less distinct veins or 
coarsel}'' mixed with feldspar and (juartz. 

Muscovite appears in tabular crystals or folije of varying 
size (sometimes four inches broad), and the smaller crystals 
show the hexagonal type of form. The color varies from a pale 
browish-gray to a light greenish-brown. The axial angle is 
large, as shown by the polari scope. 



rir#» T*!** *'%H*r ~ ^>jiTi'> frT»M ■rrar** -niT»iig»i •s|i;aUi>-^ 
-r»fti -'ii**^ *f \ '^^^^ U^'a. "Tfn -f»#«ir i»-ii^5ifmiL ir ^ K r- 

TV -"r:grvfu*i arjnii • Iflyl *. F: '±ist pciHOL if miit •$««%c>«rti order 

illHSS'r. — 1 •^.iF^ imn r^mmrMtrnfOiTm ♦ D«HiIi »l i&i ;fcibd in ••ne 

' '^"►r^^iM »r .ar2P *ii»* ir** fiiimt i^- JL Mvboj^'* <i|U3irrT. but 

Irtvti**. wirh "OiH T4kr*4f!!»? *«»i»t iii3. aaii f'iH**ii rrkifcer ea^ilv with 

/^ r/f/#/ iv-v.* Tvn >\nv^'jan^ 4^»*<*iji»Hit» •»»€ tjki^ sineral were 
f'Minft ..1 a. 't.'iaLp h»»a^ Lx P. H. KhLk/*t** .jaaiTT. verv near 

K\\t^r^. ^At*: I i"^u3iTi»* ^wt?ur». Tlitf !iir!i»*iniJ L^biack, with pitrh- 
..Ac* i-^rfu. 1,1,1 rji** '•narTj-*^-*ri?*tiL»r '*i>at?iioiHfiAl fraMrtore of 11 ran - 
. i;-> Th»* '*^r f'-r C'r. wtii*- TOCiaizifHi with ibe bloirpipe. 

^ -7//'/// '> i>r ir*iii5>C'diMi»t '>«!r'irs ;it^ a. j^'tUow p«:»wder or iTii.st 

\ '♦ i:*'*: u bit; ia-r:>M!>*riiifTii -jea-nrii wa:? made for the rare 
m ;»>r^.^ ni*'aaziT:*t aad x»taodjiie. wiii^rfa hare been found in 
^n*- p^sTm-iTane -q Ma-nhantan L*Laad. Monmxite has also been 

^I'/r^iiiniTi^ iiatf aiisi> b«>ea oi^ced in a feidspor 4iiarrT at Middleton, 
(,r.f\r\., ;inri a p#*trmatite v»?m at BrrunriirtlJe. Conn. 
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described by W. D. Matthew from a pegmatite vein at South 
Lvme, <*onn.* 

EXPL.\XATIOX OF PLATES. 
Plate VIII. 
Fig. 1. Weathered surface of ^eiss showing the *'augen." 
FiG. 2. View of a quarr\* excavation in the great pegmatite vein on 
farm of P. H. Kinkel (marked B on map). 

Plate IX. 
Fig. 5. Lenticular feldspar **auge/' showing at the left end smaller 
portion which has been sheared oflF. 
Fig. 6. Map of •'augen "-gneiss area. 



A NEW AND IMPORTANT SOURCE OF PHOS- 
PHATE ROCK IN TENNESSEE. 

By Jam Bs M. S\fpord. State (Tei>l(ifrii:t. 

Much interest has been created re<'ently in middle Tennes- 
see bv the discovery of a new source of available phosphate 
rock in large (piantities. This new source is one wholly dif- 
ferent from that yielding the now well known rock of Swan 
creek in Lewis and Hickman counties, Tennessee. Thev are 
of very different geological h(»rizons. The rock of Swan creek 
is Devonian: the one to be described is Trenton. That is a 
true rock itself; this is a residuum after the leaching of a 
rock. The rock is found in workable bodies over a wide area, 
including, it ma.y be, fifteen or twenty square miles of surface. 
In small quantities, in isolated pieces or blocks, washed out 
of the soil, it is found in all the counties of middle Tennessee, 
sh<»wing outcrops of the geological horizon to which it be- 
longs, as, for example, in Davidson county and within the 
very corporate limits of Nashville. 

The centre of the present workings and interest is in the 
town of Mount Pleasant, in the southern part of Maury coun- 
ty. Here the phosphate is found, after stripping oW the soil^ 
in banks from three to eight feet in vertical thickness. Half 
a dozen companies are busily engaged in getting it out. 
From 200 to 300 hands are at work, and where a few weeks 
ago everything was (|uiet. now all is busth* and excitement. 

The rock is light yellc)wish or grayish, (»f an open, spcmgv 
structure, and occurs in layers or plates of vari(uis thickness 
from an inch to six inches or more. The la vers are found 
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rrgujarjv t»r irr^j|;juiariT ph^rii lo^tii*^ it ^tsMi tOmxifiad 
luiiKMr**' lik* wall I- f»f iiitM»«»ijr%'. h*n"*- iiiinfr: uiicl tiifr*- iii(»Tf: or 

« 

'Jit* ijiai*-ria! i*- *-a»<i)v <|uurriffd- |Mrii*f<i out ii* bJricki^ iritbctnt 
iiui'^iiui:. Al. til* ♦strippiiii: T**t\inr*fC i*- xii^ remitvui of tbt* 
>«»i , 'J'ii* riH'f. iia*- riiu**ti liit- aiii**'araiif?t- if? ♦•lM*n. ♦surb it* i« 
• »* '.♦*!« jii#<Tal*-u 1'rinii <Mi»'-ty iiiij^^^unf?^ iiy tL*- H:fb*-tiiii|: aw»T 
t'1 *ij*' «;ai*'ar*rf»u^ j»art. Tiik r*»-»^iutjiaii**«- i*- ••ijKTt ijat- i*^ I** 
M»* t#i-iii|: )jaM»^ii n\^r vitijouT T*-^*?:viiit: ari-eijti(#ii. li <h''Iik- 
j»la*'*-»-. iiid»f^ci. it ]»- a*-#*<K-iHl**cl will. ♦•iKfrt. iLk: xw** u^ujilhr \tt- 

Al. uii«iv»ji*.. mad* iv. AtiaMa bv Mr. ♦!. M. Mh .aDdk**-, 

^^n.'iuiij PtjfiHjiuaU- i#*ii*f |iJU»»<i|iiial*' . . T7-y4 

Jr<Mj and Aluiuiiia lJ5i' 

f *ai'*iuiii CarlwiDav . . «1.53 

Otiit'f atiaiy*^!^ luad^ ih ^H^iivl'ii^. ♦ibt'W tbf- f-airium j»bci*- 

j>ii4it».' t«» raij^*' ai'ywii*-?*- Ir^iiu 0<» to ^] jif^r ^•**in^ witb Turr- 

jii;r ]**'n'v\iiniz*'*' <»r ir'O: **xid» niid alumina. l»iit u^nallr 

wJTijjii ih*- liLuit*- !■*-«} uir*-d. 

t ]♦•!:».. Fir»^t. wb*-!!***- i*tnu*r lb*- iaT^r*- (»f j«bt»^j»hal** rock a^^ 
w*- find tJi*-!!!. a lid H*-*«fmdly. wb*-r»'_**- tbf traJfium ]»brt?^»baT^ <»f 
whif'b lb»'y jir*- 'M»ii<j»r»*iM<.l r 

Kir»-t. a*- t'> tli*- oriirin "1 lb*- lay-rf : ibt-v are eiidenljr 
a r«-^id'iuiu i*'ft aft*-r a liaiuraj i*-achinfi: ''f rt-rtaiD bigiilT 
\jU'>^\t\iu\\*' 11 Ui^^\'*n^^. Tbf- jfa'-hing ba** ^•^»iii*' from tbe long 
4M,iji i j]ri»-d a«'tj'»rj of at2U'»»'j»hf-rif wat^r*?' upf»n tb** Ijmt^rmef^, 
th*- «'ar».»"riav-d waU-r»- fc-inkiu:: ibn»u^b tbe tiOJJ and. under tbc' 
rfM,\»» ^,f th<' i-ojj. di*-fN<»hin{r awar tb*- ^-alHum carbonate. 
J»-ii\ itj;r tb«- ]*-»-•- •-oluab]*- Jay*-r*; of pb'H^pbat^. 

'J fi«- .jiii*-'-t«»:,#-i^ yj*-i'JiTj^ tb*- j»bofcj>bat*- ar<- utidoubtedJv of 
'1 r*'M''f: a;£*-. Amoii;; tli*- division- of ibr Na*»h"ville n»ck^ <»f 
th;»* a^r*- w*r )iav<' tb*- f"lJ<.wing: 

J»t. y//^ OrthtA li* 'L '\'\\\^ r*-i»re<rijl«- a borizon easily 
n'«'o;^»jiz«-d throuj^boui th«- >ilijriaD BaMn of Middle Tenne*- 
Ki'«'. 'J fji- J>*-d i*" aboiit ♦><» fe*-t tbick. It gets its name from 
lb<r fa^-t that *^orjj<r of it- layer* are aliuf'-t wholly made up of 
tin- -Ih-1]*» of (>rtbi»- t*-»tijdirjaria- 

'li\. N''Xt abov<' tb'- Ortbi*^ l>ed is the Cnpitol liMcgfotte^ 
it ^rrajjular. <Mirr'-nt-form<^L and heof-e laminar limestone 



Photphatt Rock in TenHe*9ee, — SaJTord. 263 

showing cross-stratification. It gets its name from the fact 
that it supplied the rock for the building of the capitol at 
Nashville. Its grains are the fragments of comminuted 
shells, corals, etc., the whole once a drifted calcareous sand; 
hence its laminar structure and cross-stratitication. Average 
thickness may be placed at about 60 feet. 

3d. The Dove Limestone^ a series 10 to 12 feet thick of 
mostly a compact, dove-colored limestone. 

4th. Tpon the Dove lies another division 28 feet thick, 
rec'ently designated the Ward Limestone, Parts of this are 
much like the Capitol, laminated and showing current action. 

All of these are more or less phosphatic. but it is the Capi- 
tol division or horizon which is the great source of the phos- 
phate. Parts of this limestone show upon analysis from 15 to 
25 per cent, of phosphate, the dark lines marking the lamina- 
tion of the rock being especially rich. Throughout middle 
Tennessee, wherever the limestone has been subjected to the 
proper leaching conditions, residual fragments of phosphate 
may be found, the pieces often looking like sandstone, or like 
porous chert. About Mt, Pleasant the original limestone 
appears to have been especially rich in phosphate, though 
other localities may be discovered as good. 

The Orthis bed lies under the masses of the leached out 
phosphate, and its outcrops, rich in Orthis shells, are a guide 
to them. 

The Ward division, the -Ith of .*:he series above, also yields 
locally noteworthy quantities of phosphate, as does also the 
upper part of the Orthis bed. 

As to origin of the phosphate in the original liniestcuie, 1 
can say but little. No theory presents itself that is satisfac- 
tory. A few specimens of Lingala and a few forms of shells 
allied to Cyclora have been observed to which may be added 
forms referable to conodonts. What a niicrosi^opical exam- 
ination will reveal remains to be seen. The presence, accu- 
mulation and sorting of the phosphate would appear to have 
something to do with the currents that existed in the ocean 
when the matter of the rocks was undergoing deposition. 
We have said that the dark lines marking the lamination of 
the rock and due to the currents are especially rich in jjIios- 
phate. These lines or seams, sometiines half an inch thick. 
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are seen on a dressed nr weathered ^*u^faee of the rock and 
are urtiuiilj very ri<*h in phosphate, often to the extent of 50 
per cent, and more. 

These masses of phosphate, like other residua, such a» 
chert, etc., show the j^reat. etfects of the long continued leach- 
ing r)f the rocks, by atmospheric and fU|ueo4is agencies, ia 
this southern n<">n- glaciated region. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE- 



Eiii lUiitfinhierkti'H Vin-knmmen 1:0 a T)fw.afii)C FtysHilit'n ftei Hof, 
By Dr. J. F. Pompeckj In Mflnchen. [n this paper Dr. Pompeckj jdves 
an account of a newly (liflct)vereil octurronce of foflsils of Tnimailix; ajare 
near Hof. The fauna of Ht)f was de9cril)ed many years a^j by Bar- 
randc. an4i many of ita trilDbites referred by him to the jBrenus Cono- 
cephalites. Since hia defl4iriptionH were written several jfenera have 
been taken from thi.-? ^xtensivM genus, and Dr. Pompeckj*9 article is 
useful as showing how he refers the formn u)r at least a number of 
themi which were piaci*d in Conocephalitea by the distinguished French 
palaeontoiocnst. 0/>mxwp/*ri//Ye» 1 *) muiMteri, C qtuiesitiui and Calymue- 
trii(t**iti var. hutvarit^i are all included in Bavarilla hofensis, and 0)i«- 
t^.epfinUtfs htimrienit is removed to Dicelt)cephalus<?) Catu)eephiUites 
iainftatun and C. iliser**p4inH are transferreil to Niobe. 

In the cystidians and brachiop<Kis we also note changes of genera. 
CffAfhU'it htimrir.n becomes Mtwnyt'yHteUa htmiricu and LinQKla incohan» 
is callefl Acrntht>tt> ifiiu>han.i. The i)ther Lingulas and Discinas remain 
ifen:*rically as Barrande placed them. 

In ^vin^ crit^Tia for distin^uiahini? Cambrian fn:>m Silurian faunas he 
refi^ra CV»n<»c<'phaIitJ*s and Olenus 'as used by Barrande) Euloma, Bavar- 
illa and Lichapvic*^ Id the former: Asaph us, Calymne, Lichas, Niobe, 
Aniphi«in and Chirurufl t«) the latter. 

Dr. Ponif)eckj criti<ri8»»s a number of genera and sub-genera, proposed 
by .Monier Chalraas and Bergerun and compares them to Scandinavian 
and (Jn^niinn fi^rms. 

TIl^• arti'.'U- clos^^rt with a description «,>f the geological section at 
NVuhof. rn'iir Hof, wh^Te these fossils «:ere found, preparetl by Aug. 

Murotf. G. F. M. 

A/i'i- r/iV fir'irhif>ff"*ft'm/'t.ffifn(j ObolI'S, Eichumltl. By AutJL'asT 

Mff H'.vi r/. TLi- is an t-xcelli-nt anil vi-ry comprehensive memoir on an 
r:i ;.'-••■'< r.r ( ';i:.!.riari .ind Silurian- Lrmu:* hitherto not fully understood. 
Ti,'- '. vn ■I"!.-' AJth ri'-i»riti..n "f authors who have written on the 
i.'. : :~; .J '!.-<«Tiptii)n is thfrj :,'iviT! i.f \\uf Cambrian terrain around the 
U-ii-.i ■ -.*d. ar.d i,f T.h'- ii.eTh^K.l fuli'.ived in i)rHparing the fossils. 
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A very full descriptioD is ^ven of the outer and inner characters of 
the shells of this genus, and among other points it is to be noted that 
Olwlus quenstedti (the reference of which toObolushas been questioned 
by Hall and others) is accepted as a true and even typical example of 
the genus, being rated as a varietj* of O. apollinis. The genus Obohis 
is thus compared with Lingula and Obolella. 

A full description of the diflferent species of Obolus, as understood by 
Michwitz, is then given and several new species and varieties described. 
The following is the arrangement: 

Sub-genus £uo bolus (n. s. g.) contains Obolus apollinis with three 
varieties, O. triangularis (n. sp.) and one variety, O. panderi, O. 
Schmidt in O. eichicaldi O. valborthi, O. elegans. 

Sub-genus Schmidtia (Volb. gen.) contains O. celatus Volb., and two 
varieties, O. obtu4fus (n. sp.) and six varieties, O. acuminatus (n. sp.) 
and three varieties, O. cransus (n. sp.) and one variety. 

Sub-genus Thysanotus (n. s. g.) contains O. siluricus Eichw. 

Sub-genus Leptunbolon (n. s. g.) has O. linguaformis(n. sp.) and one 
variety. 

Sub-genus AcarrES (Volb. gen.) has O. antiqnissimus and one vari- 
ety. 

This extensive and important work (216 pages, 4-to) is illustrated with 
three tables of finely executed figures, and seven cuts. o. f. m. 

The Geological Structure of the Extra- Australian Artesian Basins. 
By A. Gibe Maitland. (Extr. from Pro<\ Roy. Soc., Queensland, vol. 
XII.) This paper, by the assistant geologist of the Geological Survey of 
Queensland, is devoted to an account of the artesian basins of the 
United States. The numerous quotations relate, naturally, to the west- 
ern regions, the arid regions of Wyoming, the Dakotas, and northwest- 
ern Texas. At the same time some reference is made to the New Jersey 
artesian* wells, and others of the Atlantic coastal plain. There are no 
original observations, the object of the paper l>eing to review, for con- 
venient reference by Australian students of artesian waters, what has 
Ijeen accomplished outside the Island Continent. j. f. j. 



PERSONAL AND SCIENTIFIC NEWS. 

Joseph Le Conte sailed from New York on September 2d 
for Southampton. 

Mr. H. F. Bain, Assistant State Geologist of Iowa, spent 
three weeks in September in northern Minnesota, in connec- 
tion with a party of the Minnesota survey, who were review- 
ing some points of structural geology in the Archean and in 
the Animikie. 
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The Axesicav Ihstitttk or Misnro Emgiveers met in 
Denver on September 2l8t for its seven tj-first meeting. A 
large number of papers were presented, the following of which 
were more especially devoted to geology : 

Gold io granite and j>latonic rocks, IF. P. Blake. 

Rapid section work m horixontal rocks, Jf. R. Campbell, 

Faulting and accompanying features observed in glacial gravel and 
sand in Southern Michigan. Carl Hen rich. 

Traces of organic remains from theHuronian (?) series at Iron Moun- 
tain, Mich., W. 8. Gresley. 

Magnetic observation in geological mapping, H. L. Smffth. 

According to Mr. L. S. Griswoljo (Bos. Soc. Nat. Hist., 
May 14, 1895), the basin of the lower Mississippi did not exist 
until the close of Cretaceous time. The fold of the Appala- 
chian Mts. swung westward as a land barrier until pene- 
plained in Cretaceous time, and the waters of the upper 3Ii8- 
sissippi valley were emptied into a Permian and Mesozoic sea 
which existed toward the west. The post- Cretaceous elevation 
of the continent witnessed the extension of the river course 
toward the south instead of toward the west. 

Mr. Lewis G. Westgate, in a report on the geology of the 
northern part of Jenny Jump mountain, in Warren county, 
N. J. (Report of the State Geologist for 1805), concludes that 
the white crystalline limestones of that county, and inferen- 
tially of Sussex county, are not of the same age as the blue 
limestones, but are pre-Cambrian, for the following reasons: 

1. They differ lithologically from the blue limestone in 
being thoroughly crystalline and in containing large amounts 
of accessory metamorphic minerals. 

2. They are intimately associated with and apparently 
interbedded with the older gneisses, and gneisses occur also 
interbedded in the limestones. 

3. They show no intimate association in areal distribution 
with the blue limestone, nor any tendency to grade into it. 

4. The metamorphic changes to which the white lime- 
stones have been subjected are general in their nature, and 
not due to the action of the eruptives by which they are cut, 
HO that no sufficient agent is at hand to account for the sup- 
posed change from blue into white limestone. 

The only apparent defect in the reasoning of Mr. Westgate 
seems to be in the assumption that the gneisses associated 
closf'ly with the white limestones are pre-Curabrian. Further 
northeast, along the Appalachian fold are similar gneisses 
int^Tstratitied with a white limcstime which is of Cambrian 
ago (if not later) as proved by discovered fossils. We refer 
to the Stoekbridge limestone and its extension southward to 
the New Jersev state line. There is no known reason for its 
termination at Sussex county, nor Warren county. 
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THE ARLINGTON IRON-MINNESOTA NO. 2. 

N. H. WiMCHBLL, MinneapolM. 
(Plate X.) 

This iron was found on the farm of Jos. Barry, Sr., two and 
a half miles northeast of Arlington, in Sibley county, Minn., 
in March, 1894. It was from the first suspected of being me- 
teoric*, but was not examined with care until the spring of 
1896. A small piece having been broken off and submitted 
to Mr. Buck, of Arlington, it was forwarded to the writer for 
examination, after which the whole specimen was procured 
for the museum of the State University, where it is now pre- 
served. The weight of the entire piece was 19| lbs. The 
following statement was given by W. J. McLeod, Esq., son-in- 
law of Mr. Barry : 

Found in Sibley Co., Minn., on the farm of Joseph Barry, Sr., two 
and a half miles northeast of Arlington, in March, 1894. As it wan 
found on a field that had long previous been cultivated, in the rich 
black soil and far from any highway, in a level country free from stone, 
it is confidently believed by the owners to be a meteor and the boy who 
found it, Joe Barry, Jr., expects it has some valae as a curiosity. 

Pour and one-half pounds were broken by a sledge hammer from one 
corner, previous to which it was somewhat heart-shaped. The missing 
prong from this break was a precise counterpart in shape to the re- 
maining one. 
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■^ The following figure, (fig. 1) reduced to one-third the 
aral size, «ihowe the shape of this iron, and the average tbick- 
nefls 19 about i inch. The upper (pnnvex) surface is tolerably 
Bmootb, but bae an indiftinot. poek-marked a^ipect, due appa- 
rently to an internal crystalline structure, or to variation in the 
relative amounte of the ingredienie. The lower surface, which 
is about ft plane, is. however, curiously pitted and rough. 
Some of the pits are so deep as to oeiiriy pierce the specimen. 
They are smooth, and couico- thimble shaped. This surface 
bae, moreover, a tbin Kale, or nist, which suggests & mete- 
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oric crust. This scale is best preserved in the xlepreeBions. , 
The general appearance of the whole piece is J:hat of a refuse « 
piece of iron from a furnact . 

On polishing a small portion of the upper surface and ap- . 
plying dilute nitric acid for a short time, the. characteristic 
crystalline structure bec(»mes beautifully expressed. Plate 
X, tig. 2, shows an etched surface, enlarged by photography 
two diameters. The rectangular figure in the lower portion of 
the plate, fig. 3, represents a portion, still further enlarged . 
two diameters, taken from the etched surface at the place 
shown on the photograph. 

Throughout the et<*hed surface sharp ridges stand up, thus 
outlining the coarse Widmanstiittian structure. These eleva- 
tions, represented by the dark lining in both figures of^ plate 
X consist of some composition ditferent from the depressions, 
between them, for they not only resist the acid but they do; 
not show the bright iron reflections that prevail in the. depres- . 
sions. These ridges are not entirely persistent and continu- 
ous, but disappear suddenly and rise again. 

Between these long ridges the surface has, after etching, a 
brilliant metallic iron lustre, which is due to the reflection of 
light from crystalline lamellae. 'I'hese lamellae are apparently 
cleavages that are in the Widmanstiittian bands and they 
stand at ditferent angles in ditferent bands. They show that 
the bands themselves are crystalline throughout their sub- 
stance. For instance, when placed in the direct sunlight the 
position at which the lamellae marked at a are most illumin- 
ated by reflection is about 45 degrees difi'erent from that in 
which the rest of the long lamella? are illuminated. That 
system of coarse lamelhe which is in the lower left hand cor- 
ner of figure 3, in like manner consists of two series. The 
broader upper band reflects light in a position at an angle of 
90®+ from that at which the rest of the associated lamellse 
reflect it. The same fact is observable in other parts of the 
etched surface. 

These fine lamelhe, however, which might be called cleav- 
ages, and which characterize the metallic depressions, are 
crossed by a ^ne striation w^holl}' independent of the long 
Widmanstattian structure. This striation is shown in the 
photograph and in the enlargement. In most of these 










iMIftflllf MH^facefl thiB striation runs in the satae Aine^ieiiv 
Ml lYk th# tHEinds at a it is at a diffeteat angle ttrith tlie 
grand structure. This striation, in like manner, conste^ o^ 
jtatk rid^gM^^parating metallic grooves. They seem to ditfer 
Ife^m tbpe %Mtse structure only in being much finer. Tbu* 
Ais iron %trs not only a coarse Widmanstattian crystalBsation^ 
ench band tiding, as it were, an individual crystal, but it fia# 
what might he considered a fine cleavage and a minute inter- 
'-iilil itra^Ure, which, throughout the separate crystals, tnaitt- 
tuins it»4ii^tion and individuality. 

These'finer markings suggest those described by J. Liaw- 
r6nce Smith and named Laphamite marks,* but they see»iA>to 
differ frMi them in an important manner, if they be compare 
With the di^^ription published by Smith, yet there is no doubt 
that thejr ihe1;h are due to a fine internal structure of the ir6n 
itself. Th« reflecting cleavages do not indicate any variatioB 
in the c6nip6Sition of xthe iron and are more likely to represent 
Ihe maHcings noted by Dr. Smith, but the dark elevated 
ridges, both coarse and fine, are apparently of a different 
OihemicaT <$oidpositiun. 

An anitly^s was made by F. F. Sharpless, and the following 

was the r^lrtilt : 

Analysis of the Arlington Iron, 

StdlfAEur none 

SiMcoD none 

Manganese none 

Chfomium trac^ 

Copper trac» 

Oiirb6o (combined) trace 

Iron 90.7BI 

Nichel 8.605 

Cobalt 1.023 

PhospboruB 0.045 

100.454 

Mr. Sharpless adds: 

The only way in which I can account for the excess over 100 per cent, 
is that the composition does not appear to be uniform. Four determi- 
nations were made for iron, giving results varying from 90.58 per cent, 
io 91.74 per cent. In the attempt to make a carbon determination the 
variation in composition was also noticed. Of three samples. Weighing 
about three grammes each, treated with potassium-copper chloride, oae 

♦Am. Jour. Sci. (2), xlvii, 271; ibid. (3), x, 351. 
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flample gave a particle of carbon much larger tlian a pin-kiMilb ^^e sam^- 
ple gave two small specks, while the third dissolved withoi»^ giving m 
trace of carbon. When treated with hydrochloric acid aU; samples, 
with the exception of one. dissolved without giving evidence of com- 
bined carbon: this one sample gave a ver}* strong odor resembling that 
given off when dissolving steel in hydrochloric acid. 

About three grammes were used in making the tests foe the metals 
noted as ** none '' or '* trace/^ or sufficient to be sure that Ih* results 
given are very nearly correct. 

This supposed variatioT) in composition is in keeping witb 
the spotted appearance of the weathered convex surfaee of the 
specimen. 



HE ACE OF THE CALIFORNIA COAST RANGES. 

H. W. Faikbakkh, Berkeley, Cal. 

In a recent paper devoted to a criticism of the theory of 
isostasy Mr. F. Leslie Ransome* treats of the subject a« ex- 
emplified in the formation of the Great Valley of California. 
He reaches the conclusion that the principle of isostasy is 
insufficient to account for the formation of this valley and 
the Coast ranges bounding it on the west. 

It seems to the writer that the evidences given in the above 
pa[>er in favor of the view taken are well supported by the 
facts, and he is in hearty accord with the main conclusions, 
but the discussion of the history of the Coast ranges ae inti- 
mately related to this question could have been made much 
more effective, and have strengthened Mr. Ransoroe^B position 
materially, if he had taken pains to acquaint himself more 
fully with the recent literature bearing on the geological his- 
tory of the Coast ranges. 

The writer agrees with Mr. Ransome that the history of 
these ranges is as yet very imperfectly known, but neverthe- 
less, a large mass of facts has been accumulated bearing upon 
it which are diametrically opposed to the assumption which 
he makes of a post- Miocene age. That the Coast ranges 
originated at the close of the Miocene is the opinion which 
was held by the older geologists, but since their time there 
has been a great increase in our knowledge of this field, and 
we now have good reasons for believing that the structure and 
history of the Coast ranges are not so simple, nor ths date of 

*Bull. Dept. Geol. Univ. Cal. vol. i, pp. 371-428. 







tile fmm mtat m of. i(» ud^as a wfaole^ so reeent m» was fo tuwilj 
«»pp(Med. In the Bghe of our present knowkfige a reiare to 
the esriler oftnfon i» rerj surprising. 

Tlie statenienes in Mr, Ransomed paper to wiuch the writer 
wisfaea to eall especial attention and to whieh there are the 
at09t weighty ol^eetions are the following : 

^It m verf doobtfoi whether anythxng^ at all eomporabie with the 

pg wn t vaHej existed dfsaiag Cretaceous times^ At ftriDenta cm the 

' west fldfr ef the Sacramento valley there is a great thiHraess of Cketa- 
ceows sliala exposed, <£ppi]ig steeply toward the TaDey. Mr. DiXfer re- 
iBrrspg to thtm strata, speaks of over &M0 feet of aediiDeiitB (Shasta- 
Chieo series Yioag laid down is the Sacramento vaney, bat he probably 
havdiy swans to eoavey the impresnon that there was thm any distioet 
valley* Ho soeh thiefcness of Cretaceoiis rocks is ftMiiid on the tastLiu 
or Sntra Sewwdat side of the yaUey, and we shooid rather supp ose tint 
the einliaii iits obserred at T^kentat thin oat trader the pcesrat valley, 
mnit that their greatest thickness* and therefore the deepes t 
ID whi^ the Cretaceous eedimentary lense 
eitheir at Amt above named place or even at eoow plaee west of it, 
fbm sits of the present Coast ranges. In the hitter case the strata have 
probably bees ktrgefy removed by denodatiop, Throaghoat tiie Coast 
taoges tite Cretaceoos strata are so widely spread, and so considerable 
in votoaie, as to indicate that the region occnpied by these raoontains 
was not ooiy sabmerged at that time, bnt was probably more deeply 
sobmefged than was the area of the present Great Valley. 

During the Eocene (Tejoo), according to Mr. Diller. northern Caiifor- 
BW and a large part of Oregon were above sea and being degraded, no 
Eocene deposits being known in California above the lOth psralleL 
There was probably a gradoal sabsidence, as shown by the thinning 
oot of the Tejott northward in California. Bnt so much being granted, 
there is nothing to indicate that any step had been taken toward the 
hutiatioo of the npper Sacramento VaUey, while to the sooth of the 
40th pomUlel the probabilities are that the sea had an almost or wholly 
onbroken sifeep across the area now occupied by the Coast rai^pes and 

the Great Valley It is posrable that with further knowlec^ of the 

mountain ranges inclosing the Great Valley we may be able to trace in 
Miocene times the first faint boundaries of the whole or part of the 
valley as known to us to-day, but at the present tioie we must agree 
substantially with Antisell in considering that '-probably during the 
whole of the Miocene the Coast range was altogether beneath the sea 
level,* and take up its history at a point subsequent to that time. 

The occurrence of a great orogenic disturbance at the close of the 
Miocene, giving birth to the Coast ranges as a connected mountain 
chain, appears to be one of the best established facts in the geology of 
California. From that disturbance dates the history of the Great Val- 
ley ... . According to the U. 8. GJeological Survey the Great Valley was 
probably occupied during the whole of the Neocene by a gnlf, connect 
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ing with the ocean by one or more souDds across the Coast ranges, — 

which is in general harmony with the foregoing It will be seen from 

the foregoing that up to the beginning of the Pleistocene, the area now 
occupied by the Great Valley was at no time the theatre of particularly 
heavy sedimentation or active subsidence. There is evidence that dur- 
ing the Cretaceous and Miocene the heaviest sediments and deepest 
depressions lay to the west of the present valley, and along the line now 
occupied by the Coast ranges." 

It seems also that a similar view has recently been ex- 
pressed by Prof. Lawson*as the following quotation will show. 

'The granites of the southern and northern Coast ranges seem to be 
geologically continuous with those of the Sierra Nevada. The fact 
that the Sierras are separated from the Coast ranges by the valley of 
California is immaterial to the discussion, since the latter is clearly a 
delta-filled geo-sj'ncline of late Tertiary or post-Tertiary origin." 

We will first take up a consideration of these statements 
and then proceed to show the evidence for the existence of a 
Coast range axis undergoing oscillations not only through 
the whole of the Cenozoie but also the greater part of the 
Mesozoic. 

An examination of the Great Valley reveals the fact that 
while the post- Jurassic sedimentary terranes along the foot 
of the Sierras are not greatly elevated or prominently exposed, 
there is found on the contrary on the eastern flanks of the 
Coast ranges a great thickness of sedimentary strata varying 
in age from the lower Cretaceous up through the Miocene. 
These have been greatly elevated and dip under the valley at 
varying angles. Although there is only one spot (Marysville 
buttes) where any of them are exposed in the centre of the 
valley, yet all considerations lead us to believe that the great- 
er portion of the region which is now embraced within the 
Great Valley has been subject to continuous sedimentation 
from Cretaceous times down through the Miocene, and proba- 
bly at intervals through the Pliocene. The writer does not 
know of any reasons for doubting that this condition of things 
obtained in the Great Valley during the period mentioned. 
But what of the Coast Ranges? Were they non-existent prior 
to the Miocene as the authors quoted would have us believe, 
with an open sea bathing the base of the Sierra Nevadas. or 
are there good evidences of a northwest and southeast land 
barrier through the Coast Range region which was probably 

^American Geologist, vol. xv. p. 316. 
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AT»ieB0 frms the Jopamie, or eren earfiief. ■■» wyrateJ 
fiTMn Mkrfa r>cher bj noa-cDafaFinities. ttwev krv t&*a tbe nast 
•xe«U«ikn rea«OB» for beU^viiig Chat, in nurkid coatr*M to tkr 
Great Valley which wa» probablj esatiniHNirij bcaeatk tke 
Ma, the Coa»t Ringa n^ioa ha» been sabject to r«pc»tcd axiai 
deraonn^ aad dep t ei wi oBg. now above the Ma, nam boc* ar 
WwaabBet^ed. We Bast Bot Ifciak of (besc Bovcaesu aa 
af a nniforai efaararter. affeedng all part^ aHke. k«t wUlr 
orogeitie. nr even epetmgenie in extent they wet* ml§» loraQ]r 
iatetwifML 

la aU pmhabttitj the sag oB«e ioaagnrated betwcc* the 
tvo great taogeis constitBtiBg what has bees tefid the 
Great Talley has nerer been MnvtBraUy oblitcratcd- 

Xotfaiog [4 el«am^ in the 9tB«iy of the Coast ranges tbmm 
that there hare been nftrvuftaa otoveoKBts of the mart as a 
wbAte. kit well as diffeteatial TaoTeneats of I^rs* Bagnitode. 
wberet^ new local ranges bare beea fonaed br the ade of 
BAre ascient oaes witboat gnati; affecting tbcB. 

The sapfMMitioQ which Mr. Kaasoate advasfes eoacerai.^ 
the poAsibilitj ot the Cretaeeoua aedimeats baring been depos- 
ited in grealetft thiekness over the region now oeeapied by 
the sammit of the Coast range* is hardly supported by the 
(aeta. It is possible that the sedlraeals may on«e have 
Bantled orer a portion of what is now the Coast ranges west 
of Coln^^ eoanly, bol it is quite certain that the region 
toward the coast was above water be<rau:<a of the entire ab- 
sence of the lower Cretnceoos and the fact that the Wallnla 
beds rriTt directly on the Golden Gate series with a basal cod- 
glomerate. 

Tht^ ^tattment in the quotation fn>in Mr. Ransomc that Mr. 
Diller pr^'bably hardly mean:* to convey the impression ihat 
th<T^ WBii any tli'^tinci valley during ibe Shasta-Chieo depo- 
sition \* rather strange in ibe light of the following qnotation 
Trom the lame paper of Mr. [filler* where in speaking of 
the view hi^ld by Fairbanks that the I'oast ranges and the 
Sierras were upheaved at the close of the Jorassic be says: 
' •Ball. Geol. Soc. Am. toI. *, r- 456. 
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**There is eTidence favoring the same coDcIuaioo iD that the thickness 
of the Shasta-Chico series diminishes westward from the Sacramento 
▼alley into the Coast range, as it does eastward to the base of the Sierra 
NeTada.— The thinning oat of the Shasta-Chico series westward from 
the Sacramento valley shows that the Coast range was uplifted at tha 
close of the Jurassic, when the Sierra Nevada received its final folding 
and the Great Valley of ( .'alifomia was outlined thereby. It cannot yet 
be definitely concluded that the Coast range and the Sacramento valley 
originated at the close of the Jurassic : their beginnings may date from 
earlier foldings: but whatever the date of inception, it is evident that 
during the Shasta-Chico period the Coast range existed, but did not 
furnish sufficient obstruction to keep the open sea out of the Sacra- 
mento valley, for the fossils of that periotl are everywhere purely 
marine.*' 

Although the Cretaceous is found at widely t^eparated points 
through the central Coast ranges there is every reason to be- 
lieve that much of the region was above water through not 
only the Cretaceous, but also the Eocene. If the Coast ranges 
originat€Kl as late as the close of the Miocene how is it possi- 
ble to explain the fact that in different portions the strata 
of this age rest unconforniably on either the Tejon, Chico» 
Knoxvjlle, Golden Gate series, or the crystalline basement 
rocks, as the ease may be? While all the main geological di- 
visions from the Jurassic down appear in the Coast ranges 
they are all rarely present in a single lo<»ality. 

The quotation given by Mr. Ransome from Antisell shows 
the limited knowledge of his day, for a little farther along he 
says that the earliest strata brought to light by the Tertiary 
elevation are of Miocene age. 

It is difficult to see the harmony which is stated to exist 
(p. 386) between the quotation from the U. S. Geological Sur- 
vey to the effect that during the Miocene the Great Valley 
was occupied by a gulf, connecting with the ocean by sounds 
through the Coast ranges, and the statement by Mr. Ransome 
that **the Coast ranges were altogether beneath the ocean, 
deeper submerged in fact than what is now the Great Valley." 

As a true conception of the age of the Coast ranges, as well 
as of the many oscillations of level recorded by their strata, 
is of the utmost importance for California geology it seems 
best to restate briefly what is at present known bearing on 
this subject. 



'1 - *--. 
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In di-iciifieing the geological liistory of Ihe Const ranges, or 
of any inountaing for that mattt-r, it is very necessary to keep 
in mind the fact tbat the mere accident of level at which the 
Bea stands has no real bearing upon the signiflcance of corru- 
gations on tbe earth's crust. A mnuntain range is the result 
of certain structural conditions of the crust and must be con- 
sidered, at least from the point of view of this discussion, as 
such, whether totally submerged, whether partly so or wholly 
above the sea. 

Dall and Harris* have made tbe following observation con- 
cerning the more recent disturbances in the Coast ranges: 

"The fluctuations and cbanffes of level which have characterised the 
coast of this region since the be^oning o( tbe Neozoic, as tbe foesila 
prove, can hardly be realized except by the observer in the field, and 
any attempt at descriptloD would read like tbe vagaries of a vivid imag- 
ination." 

Prof. LawBonf has also emphasized this same idea in the 
following words: 

"From the earlieat condition of which we have any record revolution 
has followed so eloaely on tbe heels of revolution, and each bas effected 
flucb radical changes in the preceding set of conditions, that it becomev 
clear that the term "event" can only be used by reason of its oonven- 
ience, and that what we call events are but the culminating phases in a 
wave of diastrophic action which seems never to have ceased-" 

The more we study the geological history of this region the 
more we are impressed with its exceeding complexity. 

Pre-Juragsic Complex. The pre-Jurassic basement rocks 
comprise granite, crystalline schists and marble. They extend 
from Bodega head on the coast of Sonoma county in a south- 
easterly direction, though not outcropping continuously, and 
probably join the older rocks of the San Emedio mountains. 
No remnants of itncrystalline strata are associated with this 
complex, and it must be admitted that through some long pro- 
tracted interval antedating the JurasEic these rocks formed 
an elevated mountain range exposed to erosion. 

Upper Jurassic. Resting on these ancient crystallines and 
underlying nearly the whole of the region of the Coast ranges 
south and we^t of the Klamath mountains, is a series of rocks 
to which the writer has giren the name of the Golden Gate 
series.^ Accumulating facts point to the truth of the view 

•Bull. 84, U. «. Geol. Surv.. p. 198. 

tXV Annual Report, U. S. Geol. Surv., p. 4G5. 

{Journal of Geology, vol. iii, p. 416. 
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first advanced in 1892, that the first great upheaval of the 
Coast ranges to form a system of mountains having propor- 
tions anything like those of the present day was synchronous 
with the post-Jurassic upheaval in the Sierra Nevadas and 
Klamath mountains. 

The source of the sediments constituting this series was, in 
the central Coast ranges at least, the pre-existing granite 
axis. Along the coastal slope of the Santa Lucia mountains 
in Monterey county conglomerates outcrop at the base for a 
distance of nearly eight miles. Recent observations have 
shown that similar beds occur along the Sur river. At Point 
San Pedro and on the north side of Montara mountain, as 
first described by Lawson* and Ashley,! is a series of rocks 
which in the writer's opinion are of the same age as those in 
Monterey county. The latter also rest against the granite 
with a basal conglomerate. A large part of the boulders and 
pebbles of all three occurrences are derived from the rocks on 
which they rest. These facts are sufficient to establish the 
existence of a pre-Jurassic land area in the region under dis- 
cussion. 

Lower Cretaceoun, The Knoxville beds have been detected 
in the Coast ranges from Santa Barbara county on the south 
to Tehama on the north. They rest unconformably on the 
older and more metamorphosed Golden Gate series, which in 
marked contrast has undergone much more violent disturb- 
ances, so that its structure is in many cases most difficult of 
elucidation. The writer feels assured that the reality of this 
non-conformity cannot be doubted by any one who will take 
the pains to examine the relation shown in different areas 
previously described, or in fact in any section of the Coast 
ranges where the two series of beds come in contact. 

Accepting the present classification of the Cretaceous, the 
Golden Gate series belongs in the Jurassic and probably in its 
upper portion. Before the deposition of the Knoxville it had 
been lifted above water and subjected to erosion, through the 
whole area of the Coast ranges. So complex have been the 
movements in this region that it is rather difficult to form an 
idea of the geography during the Knoxville period. The 

* American Geologist, vol. xv, June, 1895. 
t Journal of Geology, vol. iii, p. 435. 
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mnnants of the^e beds yet remaining indicate that a part of 
the region wan llien depressed beneatlt the tea. Baeal con- 
gtomerate^j ae ext^nttive as those in the Golden Gate series 
bave not been found, although Diller* deecribea local conglon- 
crates and coarse sandstone at the base of the Knoxville In 
northern California, while the writer has observed the same 
thing at and near the base of the beds of this age in San Luis 
Obispo county. The distribution of the Knoxville, as well as 
the fact that at many points the Chioo rests directly on the 
Golden Gate series, is good evidence that the Tvhole of the area 
of the present Coast ranges was not submerged. 

Chico. While a general subsidence through the Sbasta- 
Chico period of deposition is shown by Messrs. Diller and 
Stanton for northern California and Oregon, it is quite clear 
^at, through the central Coast ranges, at least, a etrati- 
graphic break is discernible. In the Chico sandstone predom- 
inates in many places, while in the Knoxville shale is the most 
characteristic. In portions of the southern Coast ranges the 
Chico contains vast beds of conglomerate?. In the upper 
portion of the Sisquoc caiion, in northern Santa Barbara 
county, granite boulders, sometimes nearly two feet in diam- 
eter, occur in these beds. Along the lower portion of the 
Cuyamas valley cliffs facing the river and rising several hun- 
dred feet are formed largely of conglomerates. Farther north 
the conglomerates rest on the granite of the San Jose range. 
It seems probable that this range extended to the San Emedio 
mountains during the Chico and that the conglomerates were 
formed near a shore line. In central Santa Barbara county 
there is an extensive body nf conglouierete hundreds of feet 
thick which appears to form the dividing line between the 
Knoxville and the Chico. Farther north the basal portion of 
the Chico consists of sandstone, which rests unconformably 
on either the Knoxville or the Golden Gate series. Diller has 
noted similar conglomerates at the base of the Chico in north- 
ern California and considtrs that they may be due to topo- 
graphic changes resulting from the intrusion of the perido- 
tites. We have clear evidence then of extensive land areas in 
the Coast ranges during the upper Cretaceous. 

•Bull. Geol. Soc. Km., vol. v, p. 163. 
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Bocene. The Tejon beds have generally been considered as 
<jonformable upon the Chico. In Oregon Mr. Diller* has 
shown that a break exists, the underlying Shasta-Chieo series 
being much more disturbed. There are evidences however 
through the central Coast ranges of a stratigraphic break, for 
while the Tejon occurs only sparingly the Chico is widely dis- 
tributed. Should a break be demonstrated it is indicative of 
an upward movement of the region, leaving much more of 
the land above wat^r during the Tejon than the Chico. 

The northernmost known occurrence of the Tejon in the 
Coast ranges is about Clear lake. From Mt. Diablo south- 
ward it is well developed on the eastern flank of the Coast 
ranges and at several points near the coast-line. It is devel- 
oped in greatest extent in northern Ventura and eastern San- 
tA Barbara counties. On Carmello bay there are bodies of 
sandstone and conglomerate, the latter consisting partly of 
pebbles of the granite on which it rests. It is referred pro- 
visionally by Lawsonf to the Tejon. A similar sandstone has 
been observed south of Point San Pedro by the same geolo- 
gist.* The great development of the Tejon at the southern 
€nd of the Coast ranges gives plausibility to the idea that the 
Great Valley had connection with the ocean at this point 
during the Eocene. The presence of the Tejon on the east- 
ern slope of the Coast ranges for a longdistance and its rare 
occurrence within the area of these ranges makes it probable 
that they were much more elevated than during the preceding 
Chico or the following Miocene, and that this land area con- 
nected with the Klamath mountains on the north. It is in- 
conceivable that, if the Tejon once covered the Coast ranges, 
it should have been so completely removed from almost all 
interior points. 

Miocene. There is strong evidence that previous to the 
beginning of the Miocene sedimentation a marked subsidence 
took place through the central and southern Coast ranges, 
while in northern California according to DLller§ the Miocene 
was inaugurated with no great disturbance unless a slight* 

♦Bull. Geol. Sec. Am. vol. iv, p. 219. 
tBull. Dept. Geol. Univ. of Cal. vol. i, p. 19. 
IXV Annual Report of U. S. Geol. Sur. p. 458. 
§XIV Annual Report U. S. Geol. Sur. p. 425. 
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depression. Land existed in the Klamnth mountains but it 
WM not greatly elevated. Beelcer* has held that land existM 
also in the Cli-ar Lak« region during the Mio^-ene. From the 
region of San Francisco bay eouthward it appears that at tbe 
beginning of the Miocene there were numerous detached land 
areas extending in the direction of the San Emedio mountaina, 
which although now rising 9,000 feet were then nearly sub- 
merged. At the base, the Miocene consists very generally of 
a coarse arkose sandstone or conglomerate. These shore de- 
posits occur in many places, a few of which will be enumera- 
ted. They are found along the flanks of the Santa Crui 
range, in Alum Rock canon on the northern slopes of the 
Hount Hamilton range, east of Monterey in the Palo Escrito 
hills according to Whitney.f along the slopes of the Santa 
Lucia range in southern Monterey county, etc. The almont 
buried granitic axis extending from the Santa Lucia range 
to the San Jose range in northern San Luis Obispo county is 
bordered for nearly 100 miles by coarse arkose sandstones and 
conglomerates derived from the granite, on which they rest. 
Much of the southern and western sides of the San Joaquin 
valley is bordered by argillaceous sandstones and clays of 
Miocene age. They are richly impregnated with alkalies, in- 
dicating deposition in quiet waters partljr shut off at least 
from the open ocean. 

The facts at present known seem to warrant the statement 
that at the beginning of the Miocene the region of the cen- 
tral and southern Coast ranges was occupied by an archipel- 
igo of islands, some of them being of large extent. Enough 
is known of the Miocene to trace out the position of these 
areas with some accuracy but it will not be attempted here. 

In the foregoing presentation of a few of the facts bearing 
upon the history of the (.'oast ranges the writer hopes to have 
shown reasons for believing in a great age for thi^ system of 
mountains. The mere fact that a subsidence took place at 
some period, even if as a result the mountains wholly disap- 
peared beneath the sea, is no reason for affirming that the 
mountains first originated with the following re-elevation. 
The upheaval at the close of the Jurassic in all probability 

'Quicksilver Deposits of tbe Pacific Coast, p. 238, 
tGeol. of Cal., vol. i, p. 154. 
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gave the Great Valley a form approximating that of the pres- 
ent day, and there is every reason to suppose that this valley 
has been subject to continuous sedimentation up to within 
comparatively recent geological times. But whether continu- 
ously submerged or not, when once the folding of the crust 
was initiated along the axis of the Coast ranges it is in the 
last degree improbable that the axis has ever been wholly ob- 
literated. 

Summary. In the Coast Range region a granitic axis is 
recognized as existing above water and undergoing erosion in 
early Mesozoic and possibly Paleozoic times. 

Preceding the deposition of the Golden Gate series, which 
is believed to represent the upper Jurassic, a subsidence took 
place continuing with oscillations to the close of that period. 

At the termination of the Jurassic occurred the great up- 
heaval of the Sierras and Coast ranges. The Golden Gate 
series after being uplifted and folded was subjected to a con- 
siderable interval of erosion, following which another depres- 
sion took place. 

The Cretaceous was ushered in with a sinking land. This 
continued through the Knoxville when another elevating 
movement was experienced. Through the central portion of 
the Coast ranges the Knoxville was thus subjected to disturb- 
ances and erosion, causing a stratigraphic break between it 
and the Chico. During the latter period a subsidence was 
again inaugurated until the opening of the Eocene when the 
re-elevation of the land in northern California was probably 
felt through the whole of the Coast ranges. 

At the close of the Eocene we have evidences of a renewed 
disturbance which resulted in the strata of that age being 
folded, uplifted and exposed to erosion. 

Miocene sandstones are found resting with marked non- 
conformity on the Eocene in the southern Coast ranges, point- 
ing to the fact that still another depression had been expe- 
rienced with the opening of the Miocene. Sinking continued 
through this period and at the time of change of sedimenta- 
tion from sandstone or clay to the bituminous shales, exten- 
sive movements similar in character to those shown in the 
Golden Gate series must have taken place. The Miocene was 
terminated by one of the most marked changes of level record- 
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THE ELECTIVE SYSTEM IN ENGINEERING 
COLLECE&- 

It WB» my priTite^ tn present for joar considerBtiea \mt% 
jMtrA paper on tbe eleetiT«sy*neiB a? adopted in the Mirhigaa 
Mining Scbont : it if now my purpose tn eostinoe this rabject 
bj prpnenting »ome farther p«rticuUrs uid pointing oot tb* 
fronditinn)) under wbiirh this system migbt with gmt ndTsa- 
f*gp be introducwl into other engineering 'v>llege«. 

To p«tahli*h a irWr tir.deni tan ding between the auditor and 
niy^-lf. I "hall divide the matter up into heade wbieb »re 
iTj^rdeil as i-ardinal points in the argument. 

/, F.Hoiw-'.rin^ i* <» Lf.nryf.d Pro/enninm. 

Thi* I think will be admitted withnot discassioo, hea«e it 
••leariy fnllow:* Chat ntudies forming integral parts of IIM' 



coarse in all engineering colleger are just as trulj profes- 
fiional studies as are those given in schools devoted to theol- 
ogj^ law, and medicine. Those who follow the last named 
professions have certainly not excelled the engineer, if thej 
have equalled him, in the task of promoting th*; happiness, 
welfare and morality of mankind; nor can it be proven that 
success in either of these professions requires deeper studj, 
higher intellect, more experience with men and things or bet- 
ter balanced judgment, than is needed for the successful pre- 
sentation of engineering projects. Why, then, does the pub- 
lic at large hold the engineering profession inferior to the 
others just mentioned? I answer, because we ourselves have 
set t-hem the example and they accept the engineer at our own 
valuation. Educators have, unconsciously, perhaps, but none 
tbe less truly, proclaimed their own conviction of the inferi- 
ority of an engineer's mental needs and equipment by the in- 
troduction and continued retention of 

n. Nom-esMential Studies in Engineering Courses. 

This mistake naturally arose from the fact that tbe early 
engineering schools or courses were planned in the now clearly 
erroneous assumption that their training must include a so- 
called liberal education, or else prove itself to be the equiva- 
lent of the classical courses tiien in vogue. Further, most of 
these early engineering courses were grafted into older insti- 
tutions, under control of a literary or classical faculty, men 
whose very training and success in their chosen lines unqual- 
ified them to perceive that the study of engineering, if prop- 
erly conducted, affords just as rigid, logical and powerful a 
mental training as can be obtained through the study of any 
other subjects whatever. 

The engineering faculty, and they alone, are the parties 
competent to formulate the list of studies for engineering 
students, and their decision in such matters must be final, if 
engineering courses are to be freed from driftwood and bar- 
nacles. 

///. The Natural Sequence of SUtdies must be Observed. 

It is objected by many (1) that under the elective system 
the student will receive only a disorganised course, and (2) 
he will finally graduate with a training which is insufficient, 
because it lacks both depth and comprehensiveness. Neither 
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nbjectidii i« ■""Utid, il llie courwe in iii competent liandt;. Ttie 
profossor of ea<.'li bruneli uiiqueBtinnably ktiuws what eubjeeU 
a Student must have ma^tAred in order to profit from his own 
instniGtion. hence if he rigidly demands these, his students 
must necessarily have received a systematic and thorough 
training in everything having a real hearing on any work 
they elect to take up. Strict observance of the sequence of 
studies will with mathematic-al certainty force each student 
to go thoroiighly over every subject preparatory to every 
other subject elected, hence a disoi^anized course becomes 
Impossible. It thus uppears that by this system, depth is not 
SHcrificed but rather increased. 

Lack of comprehensiveness is easily and e Sec tively guarded 
against by demanding for graduation as many courses as a 
good student can successfully carry in the time usually avsrl- 
able for a college course. Indeed, if the natural sequence of 
studies be rigidly observed, it is advantageous and perfectly 
feasible to throw down the artificial barriers that have grown 
up between the different branches of engineering and thereby 
allow the students to enter upon a general engineering tr«in- 
ing, without any sacrifice of thorough work, or any friction 
between various departments. 'Students could select coursec 
in harmony with their dispositions and abilities ; the ditfer- 
entiation would take place naturally. While the degree 
would not mean that all had taken the same studies, it would 
mean that every study taken had been prosecuted with sur- 
cess. Further, it would mean that the student has received a 
better training for his life work than can be given under any 
rigid or optional system. Quality, not quantity, is the dis- 
tinguishing feature of this plan. 

There is no reason whatever why the elective system should 
be confined to engineering colleges alone of professional in- 
stitutions. If the sequence of studies, which is to the eleet- 
ivc system what the keystone is to the arch, isrigidly ob- 
served, the system could with advantage be introduced into 
Ihw. medical, theological, or other professional colleges. 
/ (' The Klective Sijxtem clearly »hoiv» vp inferior Teachinij, 
miperjlvovii Svbjectn and incompetent Profemora. 

A« each profess<)r rigidly demands proflciency in all branches 
iireparatory to his subjects, every student in a clasc mupt in 
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a meaBure dtrve as an exponent of the ability, thoroughness, 
or honesty' Of efuch other professors as have had charge of his 
previoufi aCli&ks. Any evidence of general inferiority in 

• training in any one subject is quickly detected, and the rem- 
edy should be promptly at>plied: 

Should a professor hitrodnce courses foreign to the work 
of the school, the fact is quickly amde apparent because no 
other professor prescribes such cours<&^ as preparatory to his 

• own,'noi<do the students elect them. Hence this system does 
aiway 'cOttiptetely with all padded courses. Incompetent in- 
stfUctl^n, ot irrelevant matters giveri merely to fill in aoertkin 

^ amount of time. It makes such instruetion serve as a check 
on the proficiemjy of th^ others, produces a co-ordinate system 
of studies, and renders possible educational results which un- 

• der th^'Old systeifls wotild demand a much larger facility. 

V, The EteeUveSyHteni is the hnhf due which ran makt full 

Pr(y(>kiidn for the differences in Temperament, Taste ami 

'Taients, i^hichmusi always exist betii^een the variovs Mew - 

• bers of the Stv dent Body, " • 

Uii4ep thie elective system th«e student selects thht work for 

whicb he has becfn properly endowed by nature; he takes far 

greater interest in it, and the result* Rre deep and permanent. 

So marked is this that no instructor in' the Michigan Minitig 

• School now hesitates to demand of his rti^n far higher and 
better work than even the most sanguine could ever hope to 
get under the old rigid system. Even if the elective system 
doesdemfand higher work* in each branch, and a more profi- 
cient preparation for each study, the student himself readily 
>»ees the object and justice of each requirement, and cheerfttlly 
accepts an obligation carrying with it freedom in choice of 
studies and avoid«tnce of non-essential 'ones. All this a^ts like 
oil upon the machinery and enables the product to be turned 
out with little' Yfoise, friction and wear and tear. 

' • Since engineering is largely a matter of econoriiics, isitnot 
wise to have the student make the first application of this 
principle when expending his own energy and time? 
' V f: VertaiYi Conditions are 'Essential if the Klectit'e Sys- 

tern is to be a Svccess, 
It must be clearly recognized that every educational Insti- 
tution has its individual peculiarities, hence before undertak- 
ing the introduction of a new system, or a modifioi^tion of an 
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old one, mtr; MhnoL nunc mnlie m MhMistiv^ inquiry to il»- 
GermlDe lh» n?i»Qi>iiit ti«tw«<<n cb« prognani mrane mnd its «■- 
▼imnniflnr. i-flnfiucavnry. r«pitlC7. irriifbtes. nioipmrat. objert. 
«M. Th«C 4rii>«me m<Mt Id bamnii; with ikeae sbaold br 
adopted, and in det^^rmining wtueii one mn« Dearly iii««ts the 
rwiaired ';<tadit30D>4. nnlJiiD^ ia autre necessary tbma aliber»l 
me of tiiat very rare «oiamo£^. coounan n a wn e. 

ft i« sursly anoaaeaaary for m» vhas irtilnwiaK a hody af 
engHMcring edoeatais to pmat avt Ihe iiiaraiaiiiM of Berr 
eopyiata or aerrUa im<atBr»; ta myorMj — ae— v^y emwa 
t&air efforta in soma eaaea. iMt noC one lika Ihoa, bamiiiaa in 
e*«ry iiwoblcm the rwiair^naats ara ao diveraa. Is aati j eaae 
Um aebeme maat be warfead ooM aaaw » amy dat ai tfriHB the 
vaay f owuiatiaii. 

Every edne atioM il aahaBa, ami the iJ i tl ii i. nyal a M BOfa 
than my oCfacv. danaiKla far aseeaaa tb*t a ah oal a ha aaadnetad 
OB aooul bounaaa paiMSflaa. Tha pwniM i gh a a ad —at be 
eoBpoaed of axpniaacad, aMa, j w JJKJ aM, ami -aanMaantioos 
Ben ; they need not of nceem^ ha cdaaatora or a»glBeen, 
hst they aheoEd have tba wind aB ta p a « a aiw tfwK the aQceaw- 
twA direetioD of a higher edararitwal i unH al i a w re^siraa ex- 
perienee and ability oe a fmr with that ilaBawirJ im nay other 
baaiDaaa or ^ofessien. They Boa* icafiae that bo aar eea a can 
rrown their efforts uaieaa tb^ eleariy aadmataud that their 
duty eon««t8 entirely in fornnlati^ the otjiita of the iosti- 
tation, proTiding tiie nean? to reach thcce irt^te, ehooaiBg 
an able and diaereet director or praaideni aad fleaag tiiat he 
attends to foia daties. AaaoBptioB of any etherpaveria ntatb- 
ematieatly certain to eaoee friction and threw patefnl obsta- 
cles in the way of progresa. 

^Tbe aoeceee of the institntion dependa largely upon the 
chief executive officer and tbe faithfalneaa with which he ie 
supported by tbe board and faculty. Tbe (veadent need not 
of nece«eity be an engineer, bat it is abaolBtriy indiepeneable 
that he be an able and experienced edneator, a man of brnad 
gauge, liberal spirit, unbonnded energy, peraereraDce and 
finnneee. To him shonld be left, withont any interference 
whatever, the carrjing oat of tbe plans formulated by the 
board, and he should be held strictly accountable for reaults. 
Nothing short of incompetence eboald be dreaed a «officieo( 
reason for interfering with his plans. 
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The president must make a study of the institution as a 
whole; formulate the results to be reached by each official of 
the school in order to carry out the general scheme; see that 
these results are obtained, be j&mpowered to discharge, without 
recourse to others, any official found to be incompetent. He 
must aftow each of his associate officers full liberty to reach 
in his own way the results demanded of him, rigidly abstain 
from inlerfering with his work and aid him whenever possible. 
Vff, The Advantages of the Elective System, 

They may be briefly enumerated as follows : 

{a> It lightens tfa« labor of the instructors, i. e., removes much of the 
drudgery, makeathe work far more a labor of love and enables each 
one to give as extended a course in his department as he wishes 
without interfering with another professor. 

< t>v It greatty reduces the friction between faculty and students, almost 
does tfway with faculty meetings and renders the necessary regu- 
lations few in number. 

(c) It renders examinations almost unnecessary, grades the student by 
his daily work; removes the padding of courses, shows up ineffi- 
cient teachers and alk)ws the professors and the institution to get 
rid of incompetent pupils with almost no friction. 

<d) It results in helter and higher work in each subject, and develops 
the beet that is in each student. 

<e^ It is more economical both in money and time than either the re- 
quired or optional systems, i. e., a smaller faculty accomplishes the 
same resuitfl. 

<f) It enables an instituiton to keep pace with the rapid development 
of the various branches of engineering without the introduction of 
new faculties and new degrees with all their attendant evils. 

(g) It serves as a safety valve for the students' pent up energies, and 
almost does away with class rebellions, especially those due to 
some particularly obnoxious professor, or to the suspension of some 
popular student. 

(h) It does away with the practice of hazing and most of the other dis-. 
^aceful customs of students in educational institutions; it renders 
the student more manly, and in a professional school allows a man 
to attend to athletics and his studies without that demoralizing 
sacrifice of truth so fearfully prevalent. 

li) It proclaims to the public, and with perfect truthfulness, that not 
only has the student '*gone through'' certain studies to obtain a 
degree but each of those studies has *^gone through*' him; in other 
words, that no student has been allowed to slide through some 
studies in which he was weak because there were others in which 
he was proficient, nor has ho been graduated simply because of his 
excellence in athletics. 
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ii) It unites into ooe harmoiuoiis whole the atudiee: that .af^ usually 
classed as undergraduate to those that are .called gradi^ate, and ^ 
leads the student to consider them all as a desideratum for his 
work. It broadens his Md of view, inclines him toi)ur8ue fuHher ' 
study, and diminishes hiis tendency to contract tiie megaccfptialdus ' 
.disease. • .• , i , ;-^.." • 

VIII. Experience in the Use of the Elective.. 8ptM»» ^nl\ 

the Michigan Mining Schooli-. . m. /^s 2-^1 .. 

When I assumed tbe poaitioD of director of the Mkfthigaa 
Mining School nine years ago the institution, was iik its in- 
fancy and no systematic course of in8tnietion.lyadvb6en-/lidd 
out. The rigid system usual in engineering '^hools^p^M the. 
only one then available and it was ac<^rdiiig*lyirt;ti'6duced. 
The rapid development of the school soon ptished this'l^yAlfem 
to its ultimate results, gamely, the wishie^ of eaQlj memWr of , 
the faculty as to tht>^ork he thought. shouli^ bf) gi^fiji in. his 
department were gratified. There resulted in consequence an 
engineering course whieh could be succesirfuiiy cdjied' with 
only by one exceptiotitibly able both mentally a^'d bodily. 

Every instructor realized that the sys.Wmwaeicru^^^ un- 

der its own weighty and tli^t prompt relief was imp^^tively . 
necessary. When casting about for a solutkm. of .the long 
foreseen ditticulty, the director, among Other thiifgiB, inter- 
viewed each member of the faculty separately as to his views 
on the desirability and practicability of an elective system. 
The concensus of opinion was that such a sy ^t^n?,- wbijie ad- 
vantageous in a literary institution, presented insurmount- 
able obstacles to its introduction in a technical institution ^ 
like the Michigan Mining School. The director, h Owe vei*. Saw 
no Other solution to the difficulties then enco^lp|lSsing the 
course of study, and, notwithstanding the discouraging^ out- , 
look,, determined to test the practicability of laying out a suit- 
able ^scheme; from time to time he consulted each instructor 
as to his wishes ill all matters relating to his department. 
After several months' labor the details of the plan were finally 
worked out, obstacles surmounted, conflicting interests har- 
monized, and the completed work submitted to the faculty 
and the board. It was promptly and unanimously adopted 
by both bodies and has proven to be the greatest single ad 
vance the Michif^an Mining School has ever made. 
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The faculty meetings have been reduced from one or more 
weekly to five in forty-five weeks, and unless some emergency 
arises, one or two meetings a year will be all that will be nec- 
essary in the future to transact the business that is required 
of the faculty as a body. 

The system has also brought about a simplification of the 
other work and enables it to be rapidly done because the di- 
rectoi: i8 charged with tbe duties that usually devolve, upon a 
faculty, and because each professor has absolute contrpl oyer 
\i\^ department and the students in his classes. The head 
professors are responsible to the director while the other in- 
structors are directly responsible to the head of the depart- 
ment with which they are connected. 

The regulations of the school have been greatly reduced in 
number ^nd so arranged that the student himself is specially 
interested in seeing that they are observed, since if they are 
not, his own act walks him out of the institution and closes 
the door behind him, in most cases without the intervention 
of the faculty or director. Those of you who have debated 
long hours over some student, whether it was "to be or not to 
be" can realize what a relief such automatic action, is for a 
long suffering faculty. These changes have all naturally 
grown out of the elective system, and the result is that the 
Michigan Mining School has had one of the pleasantest, most 
profitable and harmonious years it has eve;r seen, although it 
has never developed enough disturbance in its history for the 
neivspapers to take up its discussion. Not a single, professor 
or student desires or would go back to the old system, and 
while further experience will undoubtedly indicate various 
modifications of details, it can certainly be considered at this 
time that the elective system is an unqualified Rue(*esp. 



OROTAXIS: A METHOD OF GEOLOGIC 

CORRELATION. 

By Charleh Rollin Keye8, JefferHun City, Mo. 

In his discussion of the ancient formations of the Lake Su- 
perior region the lamented Roland D. Irving* lays particular 
stress on the value of unconformities as a basis for geological 

♦U.S. Geol. Sur., 7th Ann. Rept.. pp. .300^^99. 1888. 
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g|«iM ri ioimw- In tiM- apptievtinfi oftb^ prtoriplc O tbe rvginn 
ibat wa« ondfT Cfifid^ratioa it vs'f 'bown ihki unM>nrorai- 
ii«« w«« tiK no^t mportut of all niterui ■■ i«s<JTiiig ialo 
it« givader tRiMiTimone a *aft 9e(|ii«B«« of eTjBtalline roeks 
which, M ia the emsc of other riniUr ■asces, had defied all 
•Uempt* at Mitisfaetory arrangeBcDt and eorrdatiM). Had 
he not been >w uariBHj called froB bis field of labor be 
might hare expanded bJs thenM to ac to be of Biieb wfder, 
if not of nntTeiml applieation. It ia not that Irriag was die 
first lo mggemt the nae of onconforaltie* in delimiting the 
grander geological fonnationa, for tbia at the present time is 
««ientiail7 the real foandatiiHi of oar accepted geologieal clas- 
sification. Other criteria, bowerer. bare ao OTcrabadowed this 
line that the fact of f ti) crer having aaaniDed an iaportant role 
i» irell-nigb loat Bigbt of entirely, and eonaequentlj tbe phys- 
ical breaks In stratigraphical ■accession excite little atten- 
tion, ezceptae interpreted hj foseils. Tbeir true aignificanee 
i« now Tcry nearlj, if not completely. OTerlooked. Id tbe ab- 
ncnceof fossils Irving was actoalljdriTen to the use of purely 
physical methods in dealing with the metamorphoaed rocks, 
ffir any attempt to arrange the latter systematically, except 
ii|ion faunai grounds, had been given up as uselesa. In other 
rt^ons many writt-rs before him had considered the phenom- 
enon of marked discordant sedimentation as a Btractural fea- 
ture and had actually gone so far as to regard unconformities 
as not only <>f regional but even of intercontinental extent. 
On tbe other hand, there were a very large number who be- 
lieved that unconformities at best were only local phenomena 
nnd therefore of small importance in stratigraphy. It was 
Irving's particular mission to determine how far unconformi- 
Ili-H cotili! h<; relied upon in u limited district, to point out 
i-learly that in some vase» they were of very wide, and in other 
I'lixcM of very limiled extent, and in thegeologicalcla^sificatinn 
«r thi; non-fos^iliferoiis ro<-k«i of a whole province, to projwse 
!i plan in which unconformities occupied a prominent place. 

Since Irving'w time, short though the)>eriod has been, there 
huH Hpning intfi existence a new depnrtment of geological in- 
i[uiry. that nut only reHdj: later geological history in the geo- 
gruphii- forms ]>resented, but gives itn entirely new insight 
into ihf renl wignificance of unf(inrorra«ble relations between 
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the older rock masses. Of late the bringing in of the geo- 
graphic methods as an aid to geologic interpretation finds a 
number of excellent expressions, but none happier nor more 
forceable than McGee's consideration of the Coastal plain de- 
posits of the Atlantic slope.* 

It is in the extension of Irying's theme as outlined, under 
the guidance of modern physiographic interpretation, that 
stratigraphy is believed to have found a rational and practical 
method of correlation and classification that, in its funda- 
mental concepts, is entirely independent of the usual and al- 
most universal paleontologic standard. 

The criteria which have been employed at different times 
in the correlation of geological formations have been found to 
have widely varient values. But since all systematic arrange- 
ments of sedimentary deposits have for an ultimate end the 
delineation of the real superposition and relative ages of all 
strata, itis manifest that the scheme incorporating in its plan 
the actual sequence of the processes which have produced the 
events is the one which most nearly meets the requirements 
of a rational foundation for geological chronology. In pro- 
portion therefore as a classification is genetic is it of value as 
epitomizing the history of a region. 

Since the recognition, at the beginning of the eighteenth 
century, of the geological significance of the bedded charac- 
ter of nearly every portion of that part of the llthosphere 
open to observation, the normal order of superposition of the 
layers has formed one of the chief problems of stratigraphy. 
In a single rock exposure it is ordinarily easy to determine 
which ^ds were laid down first and which last. But in mak- 
ing a comparison of two sections which are not visibly con- 
nected the case is not so simple, and when the two sections 
are widely separated the difficulty of paralleling them is cor- 
respondingly increased, and exact correlation is perhaps out 
of the question. It is the special province of geological cor- 
relation to establish a general chronological sequence of rock 
successions more or less widely separated. In the past the 
st-andards for this determination have been numerous. As 
they have come to be tested practically in the field they have 
been, one by one, abandoned entirely, passed over, or in lieu 

*U. S. Geol. Surv., 12th Ann. Kept., pp. 245 520, 181)1. 







of tfOfliethiiig better haTe bee» osed ofilj pnmsioBftUj, or 
with reserrati^m. No nngfe eriterion iuM jei been proposed 
that answers the purpose sneeessf oiij. Altkoogh some one 
of the Tsrioas metJiods is eoonmcRjj osed as tbe prineipal 
one, the others are also followed at the sasM tisie. Hence, 
few eorrelation problems are now settled by a single s^tandard 
alone. 

The moiit important of tbe eriteria which ha^e been em- 
plojed are : Mineral depomis contained, Irthological similari- 
^Jy organic contents, stratigrapbic continiiitj, and discordant 
sedimentation. At one time or anotiier each of these has bad 
^opremacj in geological work, and at the present time all of 
them are ased to some extent^ either directlj or indirect! j. 
At the Washington meeting of the International Congress of 
Geologists, Gilbert* itrranged the common methods of correla- 
tion in the following way: 
1' Physical, through 

1. Visible cootiooity. 

2. Li tboiogical similarity. 

3. Similarity of lithcdni^icsil sequence. 

4. Unconformities. 

5. Simaltaneoaff relatioDsof diTefseciepeeits lo some phjrmciil 

event. 

6. Comparison of changes deposita have experienced from the 

action of geological processes supposed to be continuous. 
If. BiotiCf through 

7. Relative abundance 6f identical species. 

8. Relative abundance of allied or representative species. 

9. Comparisons of faunas with present life. 
10. Relations of faunas to climatic episodes. 

For a long time general correlations have been alm(ftt uni- 
versally carried on by the biotic methods. At present the fac- 
tors of organic remains predominaJte« over all others and is in 
fnet the foiindution of the commonly accepted system of geo- 
logical synchrony. However, it isl)eginning to be recognized 
more and more clearly that organic remains are not the all- 
deciding factors in questions of correlation, that they are in 
reality accidental characters, and that when depended upon 
they must always be taken in connection with the physical 
features. In actual practice the}' are regarded as corrobora- 

♦Conj?. Ke<»'- int^Tnational, Compte Rendu, 5me Sess.. 1891, pp. 151- 

l.Vi. mr.\. 
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ti ye evidence after the main points have been determined by 
other means. For this reason chiefly it was set forth recent- 
ly* that.all the principal characters, stratigraphical, litholog- 
ical and faunal, of every formation were so intimately inter- 
related in origin that the proper interpretation of any one of 
the threexslasses of phenomena presented should, under normal 
conditions, indicate the more salient features of the other two; 
but that, ordinarily, great difficulties were encountered in at- 
tempting to infer the entire geological history of a series of 
beds from a single group of facts. The larger part of the 
preserved records is in great measure inaccessible. Those 
portions which are open to investigation have been as yet only 
partially considered. For a longtime to come the territory 
opeti to inspection will require constant study before the his- 
tory can be made out even measurably complete. Ati'thc 
present time, therefore, it becomes absolutely necessaoBy to 
carry on investigations, involving the historical sequence of 
geological events, along all three lines at once. Every fact is 
needed to throw light upon the general theme. If the prob- 
lems were.attackedin any of the three directions alone, wStb- 
out-duo regard for the evidence presented by the others^ very 
different, and perhaps antagonistic conclusions alight be 
reached, at least in the present state of knowledge. In the in- 
terpretation, then, of the geological history of a region, and 
in the erection of a class! (Ication of the formation in accord- 
ance with that interpretation, it is of prime importance to 
weigh carefully all the evidence set forth by the arrangement, 
composition and contained organic remains of the rock series 
as a whole, and of its several parts regarded as distinct units. 
It has already been intimated that the basis of geological 
classification has been at various times in accordance with the 
very different standards, and that these have continually 
changed. In passing from one to another, however, the 
change has been gradual and not abrupt; for being bound so 
inseparably to the past it is well-nigh impossible for us to at 
once cast aside old ideas, even after we are fully convinced of 
their untrustworthiness. So, in clothiug new conceptions in 
words, we unconsciously and unavoidably incorporate state- 
ments that are not only deceptive but which have their founda- 

♦lowa Geol. Surv., vol. ii, p. 62, 1893. 
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-Mil ^it^ ^xifi p wmmr iffrtiii immr aumsflK' 

j|^j<^i^>»t ^Xig<fiw»figr t<if ^^»qr iiMiiiBijittrr iwtimm itrihym «bi|^ 

^^^JMMttMAM^ ^fiiim. teT'tiM- .^a«r ^nwslisii} onflfr nine Mir 

##^>,iiiWlrfUi«ii ^»0hgr iptlibffic g|^ 5iiimiii 

fihM m fifi^ittktfti nfiliif Ikig M uu i i ti r awe ^f^ fAupneal ftfcndii^ of 
<«H«!r^i^lbMM wm t ttciwwnBy Ibi' ihfwi * • • . The vmliie 
<^iti Mbvtiie i^Dui^ ^^tf- fi M ff mwjr 4id^ umiiiiilfiiM ^iprili (1) on 

tim fmt^. 4^ iM <fi(fnM» » smmt And j y^ uu And CS| «i the ex- 

>Ai ^ffmimi^»ji^ th/t iR^fvrt 4^ tibKr Ikmdb ^aboMBudttoe on geo- 
I'^'f^il '•;^UiMv6c»SM«L dkMfj yuem p ajti ^ the fwet that no one 
4<r#1Ju-ri<Mt U ^immwmfL ^W^ nmm mrfrfif the historieni method 
^ ^ * ^ . In i9»ioiaA^^Knl Ib«mj fnr awt ^nns togeth- 
*r t^,f«,fl. r^HHtik* irftnidb njttnrnfir hnag Ui g e ther, wfaieh belong 
M^/f«; //f k«4F t/# /yft^ «^ fff ecMMlltk«» n» fhovB bjrthe eimilari- 
1/ ^/f tliMr lnfoaMtaot«« n« weU n* of the eomtfj oeenpied and 
^4 th^ turwriar^ whieh mnain ; that is of the fossils, the 
«^if«M|ff«|/liy aind fj^^r^rJogy of the dijmiet. Our greater di- 
*f)ktottk futt^i kttr ^/laiMrd OD tbe monr complete changes and the 
"tuitW^^f H\tt/$t th«' riiirior fluctuationi^. which will be indicated 
'^/Jy \$y lUt' tftifrt- Mfn**itiv«f and spcciallj adapted forms of life, 
ot \ty iU*' tnort', niinute titructural changes." 

*iin\\, MtiM, ('ottiit, YjfttA.^ vol. vii, p. 565. 18W. 

u: H, (it'^A. Bur., Hull. 81, p. 4;«, 1S91. 

\(''*in\l, u^'oi, inU-rnational, Oimpte Rendu, 5iDe Sesa., 1891, p. 153, 

'^iUfttii, <^^'"l. inti*rriational, Oimpte Rendu. 4me Seas., 1888, App. B, . 
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While it was widely recognized that the biotic criteria are 
not entirely adequate for purposes of general correlation, it 
remained for those working in terranes which were wholly de- 
void of organic remains to devise special methods for reaching 
the same end, methods which were entirely physical in charac- 
ter. The great object attained by the elaboration of these 
methods has been to point out thatin the systematic arrange- 
ment of formations, satisfactory results are not only possible 
but that the relationships established are equally accurate 
and the methods equally as applicable practically as the roost 
refined biotic methods yet used. 

Since the classification of the Archaean (Including Al- 
gonkian) was given up as impossible without the aid of fos- 
sils, Irving and Van Hise have formulated admirable methods 
of working, in which organic remains are left entirely out of 
consideration. McGee and his colleagues have, by purely 
physical methods, attacked the unfossiliferous deposits of the 
Coastal plain, and then have applied the same methods suc- 
cessfully to the fossiliferous terranes. Davis and others have 
rejuvinated the old methods of stratigraphical continuity 
and lithological similarity, by making possible a system of 
correlation by geographic forms, and broad areas are n€>w 
being geologically mapped by this method alone. All of these 
methods are more or less complex and not simple, but they 
demonstrate that newer and more natural ways are rapidly re- 
placing the older and more artificial ones, and that there is 
ample hope for devising physical means of correlation that are 
more in harmony with the real nature of the problems involved. 

With the waning influence of the chief criterion which has 
long held sway in the accepted system of correlation the ne- 
cessity gradually becomes manifest for a plan which is more 
in accord with the recent rapid progress and unparalled ex- 
pansion of geological knowledge. Of the suggestions that 
have been offered of late years, for the establishment of a 
scheme of geological correlation independent of fossil evidence, 
the three Just mentioned are especially prominent and are cer- 
tainly destined to have wide utility and to be fruitful of grand 
.results. Hy a combination, modification, and expansion of 
.the central ideas of all these, together with the legitimate use 
'^of the cardinal principles involved, it is believed that a scheme 
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veil: mcKHn^ witt ttn pincwcm] iusnrj wC 

««3 tttjfti "vciott^ «i«fK] ^ ■ jywaaBMiL g ^scuasmiBiii^ 
aaifmirl!i*^9i ail K^ t3iif nmaui -a»si m mtwin^m pargamiMBr 

>imT /f jpTAjfirae: tHi ^MtfR* Ih 'itii* '^ty mrintg;. a. gJjwwJJRacifHL 
•^Pip^.*. ^/ii!r*j ^TM ii\*^^ -^rrfcrni^ it jth j^anm*. lb :fr sc & iauftr 

^hin^i UHfH jdhijty. n -^nwi for ^aditarvr n fBrnMuves- xh^m 

«r 'rr^i<#niin»nt ^EMUfir. 

ly ri* -"ii*- n -^rftiii^TTsfinr. st- n ittn-r ^iraneutf*- - if ^»HiioKy , 
'tj*^ .-.rr^AJ!- -^janUfanit- »i •^•tmiiiirTKiii ihitp ^ren way. 'ini* 
iffi^ iinui^''. ■«• •tiht-'^ -^jsnufcrnf- 3i*Tr '^xpiftHHVft of tiie aii- 

>j,...-.t-»-,ii ,j tj*^ -<-^trm^ Bur n 'tn- ^ucje^^sJT-ft np^piaoviiient 
4 »Lrv -<'t a nlf-nt* IV •m*Tfiw *tjr :«t**DUonf5d ^mw|»arp not 
'».\:!:^i ». '»^ tit<#:i^«rivr ^^ruu^ xOM zti^y '•♦•nnnuf* ro ^^xerrmorf? 
,t >** nitu*^-n*- (»ng tithv "hrv »n^ 'hitu^t to be fnrgotten. 
ff; rjnwtM**^. 'fivn, -t^ -^tikbilHiiB^it '»i a mtiunml Hratem of 
r».#,«/,^i#'xi f-«jffT«»»t'»^ir if nm to b»r ^•vr^nt 'n rtif (^JiBpmrifKin of 



anjr ones^^t of external features^ b«t rather in the direct oaiis- 
e^ which give rise to the phenomena. The Unal outcome is 
derived from a comparison of all f^ups of pertinent data in 
the physical history; taken ensembie. 

A little consideration of the practical bearings of correla- 
tive inquiry shows that in a comparison of geological forma- 
tions four aspects of the case are- presented. The problem 
may be looked upon from a local, a provincial, a regional, or 
from a general standpoint. With the various methods of cor- 
relation which have been followed from time to time the uni- 
versal practice has been to attempt to base the broader gen- 
eralizations upon criteria that are, in reality, applicable only 
to limited areas. Hence, in passing from the more local to 
the more general, difficulties arise which become more and 
more formidable in direct proportion to the extension of the 
local scheme. Most of the-methe^ds that are applied and that 
are found to answer locally, fail when extended over larger 
districts. The real problem,* then, is <to find some means of 
solving the ditHcuities, for the latter or more general. When 
broadly applied most correlation criteria prove inadequate. 
The reasons are evident. As the 8{>eeific distinctions are ex- 
tended more and more widely they change and all are gradu- 
ally replaced by ditferent ones.' It is manifest that in no 
ease must the critical criteria deal with the intrinsic features 
as such, but with the causes giving rise to them. Moreover, 
the one great factor to be taken into account in every stand- 
ard of comparison which has to do with correlation of strata 
is a definite basis to which the various tminop, or local and 
provincial, successions can be referred. The fundamental 
conception is believed to grow out of a consideration of the 
iiature of sedimentation itself. : Natural phenomena rnrelj* 
result from the action of single, simple- laws. Each originates 
in many complex and .intricate procestes, some of which may 
be primary in character, but the majority of which are entire- 
ly secondary. For this reason the particular etfects of the 
real caus3S are usually more or. less .completely obscured by 
-conspicuous yet acoidentally associated features. This is 
true in every department of science, as is clearly shown by the 
history and especially by the classifications that have been 
proposed during the different stages. of developments i 
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fb«Hniii(: fivr » tmmrum. gImc; » fiinrtwww uatl in. 
jp^iflHy ii; ii*^ pf*ftaiii9i£. ac XsttB^ rnmHOL t3a uif|iiuE& bun rdsBr vsat 

ffin^ ir. puut Limiting ii:;. inai die- fluRm- (sadef intao* ac iaiiu . is 
^mffiPi^iimdy rihllosracuii^ duar r^tmiim,. lit fkisc uebs aft 9€ tim 
pgfimarj pmm s»! i smM Inwiiwfii Mut iimi cte «»?niiifiHrf pcoeesnv 
whMt nMitt en r^hmrmm^ the ammak vrnveSDm^ <sf die rmjj 
(ffUuiafiifmGfii laiVfi^ ^Mif in. dii» wmf esut die maw ftdjpes 

\0i^eaA (fftrmiadna itJ^ aCSMuieii aoit at madif BEGBrprecsSifia «f 
duf^ ttiJHirM^ ri^ GRTCsntfaruii fhexuioirauii be oBKiB^ Siaee irmat 
dirv 4cr«r^ 'tf die ^ahsi miHC b^r cfem^tetmi die c^tstMnfe «^ its 
bifHi'MnpV di.^ leiuSati^ Catsx» in- b^ ewir Imntmsr ut mtaA wuA ta> be 
n»rtr>;|maBd Gti^ dtifur lUliMir yu miirfp ftsSsoc ace shAt tibi 
aisnO (^ amfcnennaiijtt ace m liacgg^ giictt gfae priiiiwi iiii #f 

tm^mK ao' Cbac nfe^ ggJtniKain: fif dhe 




dMMi ^ efmameuud gji iw pdl: aadi ^ mBi, Im 
m^^^ffm » witb dhe «fei«e-&uv fiwr Gbe IvstKr 
MTf afawii^ wbiHt tivi3» v^rj ^tfevwat y a cgaaiEj ace eoofiuval- 
^ IS aetiAo^ On dK- mk mfe^ ilc^gjndatMS •£ tke IsmI h 
fsmmUMttj earrscd 4«t ; wi tbe acker laaimal i» ben^ eaa- 
thmftllj ibip witied , T#» die vimp ar SBkn^ €»C tbe laad 
wf tb r^emmte U^ dbe ie% ar t» tke c tjalLm al adrmare or rr> 
ttnau #i€ the dbave-lne mn t» be a a i^innil aU tke vidrHS|>read 
€btal^y^l ia die iHbaraeterof tbe drpoaitB thimaa doaa ia aaj 
fMirdetxIar plai^^ aad it is tbe TarfatMa ia Irrel ebieflj 
l^bat ^Tf^ riie to tbe intrieate aad apfjafcadj lawless sue- 
(KfAfkif^ f>f lifihoto^eallj ditfereni lajers. 

Tb^ imoBediat^ eaii0e« for ibe ehaa^es betweea tbe rela- 
r.irm.4 ^>f the land and 9ea areas are to be sought in orogenic 
and ^peiro^^if^ic laoTentents. As the tvo kiads of move- 
ments cannot be readily separated praetieaUj, and as it is 
of f^mall advantage to separate them tbeorelicailj, the re- 
mn\%tk produced maj be all regarded as anaag from the one 
r»(i))ie, from mountain-making foree«. Tbe greatest and most 
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abrupt modification in sedimentation, and consequently in 
lithological, stratigraphic, faunal, and in fact all characters, 
are those connected directly with diastatir change, producing 
depression of some land areas below ses level, and the upris- 
ing of other districts above the level at which they once 
stood, to form those great features of the earth's surface 
called mountains. Geological chronology, therefore, is be- 
lieved to find a true and rational basis in those changes 
which primarily govern sedimentation and which are inti- 
mately connected with the genesis of mountain systems. It 
is proposed, therefore, to emphasize this factor as funda- 
mental in the marking of the leading subdivisions of geolog- 
ical time and to define general stratigraphical succession in 
accordance with the cycles of orographic development, calling 
the classification or fundamental principle of correlation a 
systematic arrangement of mountains, or orotaxis. 

By the term mountains, is meant not alone those geograph- 
ic features which, at the present time, rise so majestically and 
conspicuously from the surface of the earth, but also all of 
those structures which have been in the past prominent char- 
acters in the surface relief, and which, geotectonically, are 
still mountains, though perhaps now completely base-leveled 
or long since buried beneath later sediments. With these old 
mountains the cycles of orographic development are properly 
regarded as extending from the time when the strata were 
compressed, through the periods when they were bowed up, 
then planed off nearly to sea- level, and submerged, perhaps, 
until new degradational products were deposited upon their 
upturned edges. The completed cycle of mountain-making is 
the measure of orotaxial chronology. The division planes 
cutting the geological column into systems, series, or smaller 
parts, are actually, as well as theoretically, the lines of uncon- 
formities and their representatives. In the case of the more 
extensive ones they do, no doubt, represent base-leveled sur- 
faces or peneplains. 

In all cases, great or small, the erosion plane and the period 
of degradation of the land has its equivalent in the sea in un 
accumulation of sediments. An ancient plane of unconform- 
ity, as it is now open to observation, may pass gradually into 
a great plain of sedimentation. In the grander unconformi 




ties in whieli tii^ plain of cU^^ci^rUant ^^nliiiHuajurtdMii lYpi^^i^^xi^ 
^b«M?ulialiy uii okl i^eaeplaiii. tii^ ctrrpef^KUBdiiit*: i«9rB2miaii 
wiiieii i^ Uepu^ittKl in tii^ «^a atrtiii i^ irauaJir n IbxmB^untt. In 
IVt'i Uiu^t liuiet^ioii^' Ji^nuatioBK nun. in- i4iak€Kl ufMii; j^ T^prn'- 
»t)Htiu^ tiepu^itioiis duriu|r p^riiici^ srken t^ isnil mdjioiiiiii«: 
\\tt^ it >;raUeci hurl^Kje ur piain of imini peii«f Hin^r bin hvtk^ 

'I'i^etM tiuriji^Mjt^ <if ttiM5«flfoniiitr\ dEnd iiLrfir Te|iPB»eiitiiir»f- 
ui^^t uiiJLK of ^^viliii^^mUiiAifiU mt^ ti^ cmh- iLi»{k»iirt>e liKtimi 
puLU*5^ 1 r<mi wiii-eii liAt- iiHs»«;tjrr-«4i»«ni of Itfnuation^ t?aTi be «^ 
liiuau<I. Tii^Mtreti^saliT tin- funuatioii i^ .^reiMfTiilh- f-cn)«deTBd 
A> ii lijunl iiiid -ckjarir fMiiwd unit : iu pTiif?ti<?e h i*- f nund "W^ 
ixr ittdtsiimu . iil'deiiu^ aucI ifi«sit|jirbk- of cMmitiori in urx inn 
tu*- vit^u^snrt Lerm*-. But irifiii ti^t- cktliiic pittnf of tIk- uurcin- 
'fo^rmiiv ^ il4?l^ ^t^u^ffi^M- of «tTarUi i^t^iu^. ^iurrplr mid tikaErlT 
jMft (><1 liH/iii tiM' lirrmtttJoiM^ i#eki«^. MaiiT. and perim^ mo^fL 
<»1 tii^ ^iiitrj* liii4:^6«of divisiofiliiai fnit^e4?xJ«*edaTe Bi«ir ^ffftfind 
\♦v<^r uiu^iij of tii*- |rrt^*<eirt ittod «UTfi^<*e. bin in tiiit Tp«|«5ri likH' 
c*rv<>rd ii- mn rnvtr^ iiii|#erlwi tban acT otiier. Tbe ii«i£fw a 
ii*iili a-reii r»fiijaiij*' aiit»\> ^Jtai-krv^l tin- ^ivn iffT i*- liM- }i»i»iIilT 

niaVe'ia iiJt**rru)»tiut. duriu^: an 4-veL j»rt«trarTrt^ '-rvigimi^ 
ii»\»\»-jii»-in. tii«- iiii«-ti! d*iiiiiinatioi! berw4?M3 xiif xari<m^ f<:»n»«- 
titlll^ uiav uuT alvtiy*- t#^ ei^^rlj dt^fK^nuiu^ Mud iiii^i not, 
V tt t-iLiHiMij^ ciatit. U^ luHj r«ru|3ii«^ but m-iiii ibf detailed 
iuixyy* ix^ \'f ti*^ tnuiL'trr br lirt- rarinu*^ ^iffif^it] f?««k*gi<mi «ur- 
\«-%> tii*- iiiti ;-t-rii* i> ar»r ^i^tdi^r- niT^radT m haDd c^r •*t07i will 
' r^UiCp V <i»4 ir- Lr fc-- T^i>^ ]«iiLi>e* iumus wbirii fbe line* 
..♦-u.t;''/ t: . .♦: '-I. 'I iC t»^ c-^wi. Tl>*:***e line?-, m^ben once 
u o-it* -.'. : %-.TiC V Ij*-!. '!i»^ pr'.nif-r.T r ♦i:*:jd*^-ed- ure a* far-reach- 
/ i '/. *^ . 1 v^»^^^ iL iip]..:ifrii-iZ vi. k-- ib'*se ^'f anv clafisiti- 
. . .-• ^ !• > f\^-'A '/'■ '.is'. T -s-^v*-." "^tr t*r 2i*^i-^- Where the sequence 
,' ^1, "* vii' '.*-«-:- - L ::•..'--. l^»*r» drawn tfarr»u^i the very 
. '>:.,'- v' * ^ >-k •- . -'^-*-^:''.'!i w:.. n*^-^ t»e perfectly arbitrary, 
w.. r,«^ . •. A/^'*' /fdisr^ w::b thr hi-torr more clearlr record- 
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While orogenic movements Y»rj greallj both in inten^i&itj 
and extent thej are prol>ablj as wide>reaehing in their elfeets 
as anj one regional force can be that is of use in geological 
<n>rrelation and chronology. Thej maj be rarelj or never 
<^ontinentaU certainlj not world-wide* in extent^ but the ditTer- 
<ent parts of each continent may be repeatedly atTected so that 
a given region may be subjected to these influences f rt>m sev- 
eral centers of activity. The visible planes of unconformity 
which record these movements for each major region thus 
overlap and interlock in such a manner that from them all a 
m«KlerateIy complete network may be constructed which will 
bind together in a compact whole and in proper chnmological 
order all the minor parts. With the comparison of dltTerent 
<'ontinents the difficulties are greater but there are some lines 
which surely can be found that are common to both^ just as 
in the case of the various provinces of a single continent. 

In coming down to the lesser stratigraphical groups, as the 
i^eritfS, stages and their subdivisions, the various subordinate 
or local criteria of correlation that are now in general use 
may be made serviceable in the detintion of the several mem- 
l>ers. The leading considerations are the geographical dis- 
tribution, the lithological character, the physiographic ex- 
pression, the stratigraphical delimitation, and the biological 
detinition. In dwelling upon the main characteristics of each 
stratigraphical unit the whole physical history must be in- 
corporated. 

In general geological classification about the only practical 
attempt to use the orotaxial principle has been in the de- 
niarkation of the grand divisions or systems, and the events 
iire commonly referred to as geological revolutions. The near- 
est approach to the actual application of the idea in any of 
its phases, has been by Irving* in his work on the pre-Cam- 
brian crystallines of the northwest, in which unconformities 
are given great prominence, by McGeef in his investigations 
of the Coastal plain deposits of the middle Atlantic slope, 
in which similarity of origin, or homogeny, is the governing 
factor, and by Davis J and others in their physiographic work, 

*U. S. Geol. Sur., 7th Ann. Rept., pp. 378, 1888. 
tAm. Jour. Sci., (3), vol. xl, pp. 3i6-41, 1890. 
JNat. Geoj?. Mag., vol. i, pp. 180-253, 1889. 
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in which jteritKl*- of ba^+'-i*->-eliii^ ar^ niatk- tin- «iIl-iTDj#f»T: hit 
f**ttliiTt^h ill th^ i'yuU' of land d^;gTadati(»iJ and tin- rtiiH*fqiHr^i t 
*^diiu^ntatioii in adjoiniug -wjiifc- 

ir an ^uHi and w-t*«t cros^f— stfcticm (»I ibt* Jtcrrtb Ahhtjcmi 
'•ontiiienl. 114" from Kicbmoiid tc» 4Siiu Fraarisrcju i*f tmneidered. 
n dia^rraniiuativ r^yrr^«*4?iitation niaT W madt- in wiiitrb tiK'^r^*^^ 
^raplii^' ]>r(»vin<.*t»^ nr<- ful ofl Ht ^tfrtical liitef- an^ liie .gfer»j<txr- 
ical sv+^l^'DJ^ l»v iiorix^mial liiitM^. tiK-iatVer iH*ing -sejtttTKied aj«- 
|in»ximaV'ly in |iro)#orti(»i] lo ti»^ 4*^imHt«d "tim^ inierxni*. 
Tlii^^iaiid^- l(rr tijt^ t-rtntiiiuoifF and iiniirterriijri*»d jfeci](i;p^)f-ii: 
iii+5U»rT o} ti)*^ fontiiiffnt. and tin- -PtranigTajiiiieal ^ue-t^f^^^ioi! 
Ironi tii^^rariie*^ ictfH iat-efrt f<rrimition€. In xiif prrgter ^lia^^f^ 
uitiT lit^ indicated tin- pivT^gical irreai:^ in irtiai wviild ii^v*- i*"ib 
4*rwi+^ iit't'n ti continuous -KccjiHfncfc. Ttie»r lin<**« ol nnermf omi- 
ivv ttMMi rxt-f^ndcd iat-crallT atrrow^ sh- much i«Trt»TT ifc§^ tb^-x 
a)»}iToximul^lT aflccved. and Te}>r<*Bem onlj xbe iKirisftn^ i*t 
lii^ tinity- al vliicL tiicT f#criiT. 



« UWIAIW ??£:UC5 1^ X«i: 3K1FT CM=" OHIO.*" 

[Pinte XI. 

^'Imi mm t xi-^it^d in xii* oict world durinxTTbf luT^er I«^ kj-^ 
i> 11 ciociriuf U! anTtirojJoioiTT Tex-ardinr w^icli iJTLk- or ij* 
diuihi rill: now i»t rmi-Honui)iT cni-t^riaaicd. Timi !*€• 'w*.'?' j»rt-^ 
<'nT xuvrt durinr an ini-^'ririacia] era. ii nnr «urb '(•c»fmT€^ S 
-rurcf !T !♦***- cfTuLin And n(' -Bniali aiii(»iim <»5 -prid^-nc^ i- 
jtirtuiCiT <»ttitL!ntici whirL ^ir}i]«f»rB^T:tH njiinion xiati man evrii 
iiTvf'^'dt'G Tilt itM ill nnrtiKrm and w^e^^'tini Eiir(ij»e- Bui on ibi- 
-iiCK «»1 Til* ATlaiiTif xiH- JfM-"srrt-*n xbu^ far im*^ jiroT*^! a har- 
••(»'' i»'T(»nci wiiirt iiuniun iofrnjLTiia-?- ibuxt- nc»i i^eea fonnd. 
• -.ii'-.K ri;Ki. Jiiic ^^1.1. TiMr'*; iM-t^rriaftia HiKii, i*- lix-rf-fore hrri- 
: -t.iiCKV T sfn. nT^ilora i»f*nir re wli-^sf ^id^-encr ihe an- 
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Glacial era and were the work of the retreating ice or even of 
the torrents that flowed from it after the area in which the 
remains were found had been left bare. Consequently, if ev- 
ery one of these cases was logically unassailable, and its evi- 
ilence positively conclusive, the only inference would be that 
man was a denizen of North America during the final with- 
ilrawal of the ice. that he hung Esquimaux-like on its borders 
jind followed it as it withdrew to the northward. 

Of any earlier date than this, therefore, for man in North 
America we have no evidence whatever, and even this has 
been regarded with scepticism and its value denied by men of 
iMiiinence in the field of archieology. Such scepticism is wise 
and justifiable so long as it can be logically maintained. So 
important a conclusion demands support much stronger than 
that which would amply establish many less momentous prop- 
ositions. The first evidences of glacial man in Europe were 
received with an incredulity bordering on unreason by even 
the leaders of the geological thought of that day. Some part 
of this opposition was, it is true, due to a cause much more 
influential then than it is now — theological prejudice. Apart 
from this, however, a stubborn reluctance was manifested 
against the admission of a doctrine so new and so revolution- 
ar}" as that of the great antiquity of man. But the slow ac- 
cumulation of facts, which admitted no denial, had, at length, 
its inevitable effect and the doctrine is now accepted as the 
only rational conclusion from the data. 

Here also certainty will come with time. If man lived in 
North America during the Ice age we shall find yearly more 
and more traces of that existence until the cumulative proof 
becomes irresistible. If he did not then exist the absence of 
such traces will become more and more obvious as the years 
pass by. A few doubtful instances may be explained away 
and leave no conviction. But many and repeated and con- 
stantly recurring examples, if well established, must, at length, 
pile up a mass of evidence that cannot be gainsaid. 

Every archaeologist is well acquainted with the cases that 
have been brought forward during the past few years tending 
to prove the presence of man in this country during the later 
part of the Ice age. Many also outside of the archwological 
ranks have become strongly interested in the question and 
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'mtlli?* i^UVi pr|f«fN>5«HJr')n. ^€ t&K&k cixntfl !IX£KX i;rP»^ 4«^a]ig- li^ASTStT ^"-"^ 

c&.r'%^#vii'V€p»c I c&i^r^'^nt pirn <Mt ^a^fir iai»»- f«*Cwiit;^ *«»:>-- 
ai*n;C* %% aiacti»- fjy my^f aiui dte- rr^KS'iiln* 'i€ »»ni^ti;rff«if **> far a* 
f liA^**- h#i^a aih^ tirt- f^^iL^^ar ziumL Tpv 

jkiu»7tr ^i'f mfru*: iiTOi^ tJt nrtrcS>-^?t5is!trai 0&S> eallMl «iy« use aad 

airtB^-ksf, I 4«w as «>&?*>- diac. £f zm* iiii«tak<^ h;ad btitn mad^e. ch^ 
faf S«T wfi^M h^ of imQ:^4eral»£^ iaieT^fC ai^ p«>i«biT of n^^ 
^HBaHi raEise. I lb0trKfff)mt sotMl <i>w-Bi at <r^Q«e ail that be oould 
Uall Oft^. asd afti^ t&i&kisfc^ OTer dlb^ data witat to New l>>ndr-ci 
aod «fii^^t a da J ^/a tiMr gro^ad. wbent Mr. MasstermaD war^ 
kind *:fWyrigh to drire bm* to tbe plar«?$ ••>f isterest azid thu> 
^mabk- cse to obtain fartlier a<«efa£ asd isipr^rtant partiealars. 
Er^nnhln^ that I *aw and heard *!^^tt!ina*d the aeeuraej «>f 
hi* Barratire aad I returned eoRTinei^d that^ howerer we might 
explam ihe prohfem. the implements nia«t hare been found a-t 
d^rsy^ribed. 

Mr next ^^tep wa* to obtain from Mr. Ma^terman a state- 
ment with hi* own «ignatiire of the exaet cireain«tances in 
whi^fh the mo^t important of the$e implements had been dis- 
eovered. Thi« »»tatement is given below. 

Statement mtjnrding the jindimg of the ym^yred Home ojce, 

"\. VATTif.T E. MaJrterman. of Xew LoodoQ. O.. was engaged in the 
9tumtii.*rr fA \^^t in digging a w^ell on the farm of E. Chapin. about two 
fttii^rft nffTthf^iUfi fA Sfrw I»Ddoc. and at the depth *A twenty- two feet 1 
fofiwl a irton/r impi^rtnent. a photograph of which acci>mpanifes thi* 

"I piAf:*-fl it among mv other carioeities, not from any thought of its 
\^/m\\A^ inter»r«t or importance, but because of its lightness^ which 
fftruck Tfif-. 7%A 7f:ry Angular. Its softness and stratified appearance also 
Httr'AcUrtl my attention. 

"It in a grrxived stone axe. verj' much weathered. 

"In digging the well 1 passed through the following strata: 
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**£ight feet of clay, very firm, yellow above and blue below, with 
small stones: under this were thirteen feet of silty material, very tough 
toward the bottom and requiring the use of a pickaxe for its removal. 
Interbedded in this were streaks of sand one cm- two inches thick. Last 
was about one foot of coarse gravel, yielding Water, and containing some 
smaU subangular stones. 

**Beneath all was a very tough, blue clay, impervious to water. I af- 
terwards bored down 96 feet in the bottom of the well with a one-and-a- 
half inch auger, but found only the clay throughout. 

**I was alone in the well when I found the axe as there was not room 
for more than one to wcM-k there. No confirmatory testimony can there- 
fore be given. 

'*I should further mention that nearer the surface, tive feet down in 
the upper clay, I found a small arrow — or spearxxunt of white flint 
which accompanies the axe and is marked accordingly.'^ 

[Signed] Elmer £. Ma^ttkrman. 

A>ir London^ O., </u/y, 1S96, 

Mr. Masterman has also given me the following additional 
facts regarding his specimens. I quote from his letters: 

**I have been collecting objects of various kinds within a 
radius of many miles for 21 years.'* 

'*! have taken pains to record any important or interesting 
sp)ecimen." 

*•! have many not found by myself. These were mostly 
given me. I have exchanged very little." 

"I have not till lately paid any attention to the scientific 
value of any of my specimens.'' 

*'When engaged as an assistant at the World's Fair in 189:^ 
I first learned of the discussion and controversies based on 
such implements, but even then I thought nothing of my own 
until my attention was drawn to this one by the Rev. W. Kep~ 
ler, soon after which I called on Dr. Claypole," as already 
stated. 

The above are the principal data connected with the finding 
of the implement. It is a grooved stone axe measuring four 
inches in length by two in breadth and one and a half ir 
thickness. It weighs five and a half ounces. 

Condition of the Axe, 

The peculiar condition of the axe, to which reference has 
already been made, demands attention and adds of itself no 
slight confirmation to Mr. Masterman's narrative. It was 
made of the hard, banded, green slate so cominon in the drift 
of some parts of Ohio and which occurs in vast quantities 
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flirt ^> 'wirK a '•♦unmori hack-^tiw In. a few minate* wichooc 
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Additional Testimonif, 

In addition to the eonfirmatorv evidence afforded by the 
condition of the axe I may add that I have made enquiry of 
those who have known Mr. Masterman longer than I have 
<lone, and the uniform testimony is that he is a man of integ- 
rity whose word may be accepted as unimpeachable. In this 
opinion my own experience leads me fully to concur. I do 
not think any doubt is entertained on this point by any one 
who is entitled to come to a conclusion from |>ersonal knowl- 
i'dge. There only remains therefore to be considered the 
possibility of mistake or faulty memory and these seem quite 
excluded by the striking character of the stone and the pe- 
culiar circumstances attending its discovery. 

But in order still further to strengthen this point and at 
the same time to anticipate a very probable objection, which 
has been urged with some force against previously published 
-finds'' of this kind, I asked Mr. Masterman to give me the 
most exact and minute details that he could recall concerning 
tlie actual discovery and first sight of the axe. He replied as 
follows : 

"'I partly uncovered the axe when I shovelled the clay into 
the bucket in which it was raised to the surface. I cime 
near striking it with the shovel but recognizing it I used my 
lingers and after a little effort removed it, leavintj an imprint 
if nearly one-half the thickness of the a.re in the softish Idne 
ctay, I placed it in my pocket and when I came out of the 
well I washed it with a vegetable brush to remove the clay 
Avhich had got on it while I was trying to get it out. " There 
is no room for faulty memory where so clear a recollection of 
the discovery remains. Nor does it seem possible that any 
mistake can exist regarding it. 

GeoltHjy of Xew London. 

The next topic demanding consideration is the nature of 
the strata in which the axe was found. New London is in 
the south-eastern corner of Huron Co. almost due N. N. W. 
from the point in Ashland Co., where the terminal moraine 
curves sharply to the southward in central Ohio. It is there- 
fore about 40 miles back from the extreme limit of the ice- 
front and well within the drift area of the state. The coun- 
try is flat, scarcely rolling, but it rises slightly to the south- 
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ward 80 that the drainage is in the opposite direction or 
toward lake Erie. About two miles to the south of the vil- 
lage a sharper rise begins and the surface rapidly reaches an 
elevation 200 feet higher forming a long, low, east-west ridge 
on the northern edge of the high land where lies the water- 
shed of the state. Along this flows Buck creek from the 
northwestern portion of Ashland Co. until it finds a passage 
down the slope to the plain below on its way to the lake after 
joining the Vermillion river. 

The district around New London is therefore a sloping 
hollow toward the north calculated to hold up the water com- 
ing from the retreating ice-sheet until some lower overflow- 
place was uncovered. A short-lived pond may therefore have 
existed in the county during part of the interval required for 
the recession of the ice from New London to the lake shore, 
but the high level 400 feet above lake Erie, forbids our belief 
in its long continuance. 

The structure of the ground is in accord with this view. 
It consists of irregular strata of sand, and fine clay, some- 
times H quicksand, overlying everywhere the tough blue 
boulder clay with small stones. These beds are not extensive 
or regular. In conversation with a well-driller who had had 
a large experience among them I learned that he had found a 
bed of sand perfectly dry at one place, to which by the wa}' 
he had been guided by a water-witch with his hazel rod, and 
fifty feet from it, at a spot chosen by his own unaided intellect 
and at the same depth he had obtained abundance of water. 
Such variations were, he said, common over all the district. 

This structure indicates plainly the deposits of the torrents 
of water and the still pools which characterize the flow from 
the front of a glacier in a flat country. In one place gravel 
is dropped, in another sand, and in a third even finer material 
such as clay may be accumulated. The indications at the 
spot where Mr. ('hapin's well was dug point to an area of 
comparatively still water varied from time to time with slight 
currents which brought in the thin streaks of sand interlam- 
inated with the clay. In other places especially to the west- 
ward gravel is much more abundant, the clay being often 
absent. 
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At the well nearly all the material passed through was clay 
becoming tougher and tougher downward and resembling the 
fine silt that settles from still water. The axe must have 
been deposited there when the thin gravel bed in which it was 
found was formed, as it lay directly upon the boulder-clay. 
If there is no other origin or date for the fine clay and streaks 
of sand that overlie it than that which assigns them to late 
glacial time then the tool must be set down to the same epoch 
and must be considered the work of glacial man. 

There is no ground in the present instance for the objection 
that has been urged with much force in some similar case? — 
that the ground has been disturbed and that the implement is 
of later introduction. The well from which it came is situ- 
ated in the wide plain already described. No river channel or 
quarry-face exists within a long distance. Buck creek, the 
nearest stream, is three miles to the south, and that excepted 
there is no break in the continuity of the surface and very 
little variation of level anywhere. The thin streaks of sand 
in the clay absolutely preclude any supposition that the 
ground had been previously disturbed, while the great depth 
(22 feet) and the nature of the soil passed through exclude 
all other theories that have been advanced in similar cases to 
account for the presence of implements in glacial gravels^ 
such as falling into cracks, rotten root holes, etc. 

The section as here given, moreover, is not dependent on 
memory, for on my pointing out the importance of accuracy 
and certainty in the evidence. Mr. Masterman offered to ver- 
ify his statement by boring down alongside of the well. This 
he did nearly to the full depth and the only result was en- 
tirely to confirm his previous account. 

Probable Cause of the Weathered Condition of the A.re. 

I have already referred to the condition of the axe and this 
topic now calls for further notice. It was at first very puzzling,, 
as such objects are not usually weathered to any appreciable 
extent even when lying on the surface. To find this one com- 
pletely leached or oxydized throughout was therefore not a 
little surprising and I began to enquire into the circumstances 
in which it had been lying. The first point for investigation 
was the quality of the water and on enquiry I soon learned,. 
as I had suspected, thas it was sulphureous. Further exami- 
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nation with the aid of 3Ir. Masterman'i^ intimate knowledge 
of the district re^ealc^ the fact that all the well* and springs 
in a strip of country east of a certain line yielded water that 
was more or less of this nature. I visited several and observed 
this quality myself. Mr. Chapin's well, where the axe was 
found, lies in this tract, though here the taste and the odor 
are slight, perhaps from constant use. A spring at a short 
distance is a markedly sulphur spring. A line running ap- 
proximately north and south through the school house limits 
the sulphur- water region, and to the west of this line chalyb- 
eate water prevails. 

The cause of this ditference lies, we may safely conclude, in 
the nature of the strata already referred to. The blue clay in 
or under which the implement was found is heavily charged 
with pyrites, a small lump of which is in my possession, 
brought up by Mr. Masterman during his recent drilling. 
The well known oxydation of this mineral furnishes a supply 
of sulphuric acid, and if the slate was, as is sometimes the 
case, at all calcareous, the lime would be removed by the ac- 
tion of this acid and the rotten and pitted condition of the 
implement produced. 

On testing the water at the well no trace of free acid was 
detected, but a sulphate was abundantly present. This is 
what would be expected on the supposition made above. The 
sulphuric acid, produced by oxydation of the pyrites meeting 
with calcareous materials in the ground, would at once l>e 
converted into sulphate of lime and as such remain in the wa- 
ter, rendering it permanently hard. 

In this way I would account for the peculiar and, in my ex- 
perience, unique condition of the axe and at the same time I 
must point out how strong a confirmation it gives to Mr. 
Masternian'« narrative. It would be, I think, absolutely iui- 
practicable in an\' way to produce such a conditicm artifi- 
<*ially, and so deep and complete a weathering must be the 
<*tf'<'Ct, even naturallv, <^>f a very lon<; time. 

It nni>t also be remembered that so abnormal and unusual 
a condition would be more likely to lead to suspicion and in- 
vestigation than to ready acceptance and therefore to a greater 
prribability of the discovery of fraud, had it been practiced. 
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During a recent visit to Cambridge, Prof. Putnam drew my 
attention to two or three implements in thePeabody Museum, 
which had been recalled to his mind by a sight of Mr. Mas- 
terman's axe. They are not grooved axes, but large celts 
made of shaly sandstone, which have obviously, like the axe, 
been weathered since they were shaped, and if an inference 
from their lightness is allowable they must be weathered 
throughout. Unfortunately their history is not known. They 
were found in Tennessee and on the surface, probably 
ploughed up. They are in precisely the same condition as are 
thousands of pebbles of the same material in the drift gravels 
of Ohio. Both are oxydized completely through. 

No evidence can be drawn from these specimens in regard 
to the axe except in one point. The resemblance between 
them and the oxydized pebbles of the drift may mean that 
both have been equally exposed. And as the pebbles are as- 
suredly of glacial date we can only on that view infer an equal 
age for the weapons. 

Other Specimens, 

So far I have confined ray statement to the grooved stone 
axe in order that no confusion may arise on the subject. But 
Mr. Masterman has several other implements which should be 
at least mentioned. The argument for the axe must stand or 
fall on its merits. It is the strongest instance of all and yet 
may gain some additional value from the others. 

Among these is a greenstone celt, found five feet deep in the 
clay in digging a county ditch in 1889. This is within the 
sulphur-water region and shows slight traces of solvent ac- 
tion, the feldspathic (albitic) portion being decomposed to a 
small depth. Other celts of greenstone from different places 
where this water does not prevail show no traces of similar 
action. The finder of this was Mr. E. E. Masterman. 

Another specimen is a grooved axe of greenstone found in 
1882 seven feet deep in the gravel. This also shows traces of' 
chemical action and lay in the region of the sulphur water. 
It was found by E. Morris and given to Mr. Masterman. 

A third is a very rough and unfinished celt of slate showing 
a chipped surface over the greater part and traces of grinding 
only in a few places. It is, however, unquestionably of human 
make, and not lying in the region of the sulphur water shows 
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--J^lf H, lm4. ^ fapc IK icraTi^' aad w:a§ fommd bj D. Wliic«> 
f & dij^*|^ ai dit^ aad ^ti» io Mr. Ma^^^mBaft. 

A if til «pi»eiB«tt » a weH farmed b«t tkiek fpeaiikead. madc- 
'/f r«d iiBt, abrjat S^ iarbb§ Itmg ^ 1^ laHi wide aad ehi|^>ed 
aU 'vrer Uvth fa#n». It wa^s fo«Bd br Mr. Mastermaa himself 
at a defytb of frrea feet arbile digg^n^ a welL 

Wbtnh«T or tt/>t. in tifte optBirj« of arvrhjeolo^^tp. tiie ease i« 
♦tre«igtbe»Hi br the addition of tbeM- Binor "^fatds" most be 
i^ft to indiridual jodgmtnis^ to <leei<le. It woald not be jost 
to (^r«^ent it witboat at the lea»t BieBtioning them. 

There are in Mr. Maj§tenBan'# po»e»»ion a few other im- 
frlementiB. inet with in <imilar eiream$tanee& bat not being 
forjad at anj greater depth than those ja^ mentjoned no 
pfjrp^HKe woald be ^erred br lengthening out this paper with 
thfrir detail?». Thej ail lie in the «ame «et of glacial gravels 
and th#rre i* no probabilitj that thej. anj more than the axe. 
have lieen #»ul>«e*4uentlT introdaeed. Bui ii i§ not possible 
nofr to inve^tignte the«e minor ease*. 

^'om elms ion. 

It remain* onlj to con«ider «ome of the difficulties and ob- 
j*r^'tion*» that will doubtles? occur to archaeologists on consid- 
♦-ration of the narrative above given. It must of course be 
-iibjf'f'ied to the cU^re^t ^orulinv and the severest criticism in 
order that it* exact value mav be ascertained. 

It will not l>e neces-ary to repeat the remarks made in the 
f'Ofir^ of this article in regard to some anticipated objections, 
• lU'U n^ acr-id^-ntal intrusion, slip, talus-inclusion and some 
otfi<-ri^ familiar to the student. I will onlv notice a few some- 
what obviou* difficulties. 

1. It may be asked why these relics should be so compara- 
tiv<,-ly numerous near New London when they are not found 
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elsewhere save in single or sporadic instances? To this 
question there are two possible answers. In the first place, 
granting that man resided in Ohio in late glacial days, there 
were doubtless some spots more frequented than others just 
as we find certain spots now, such as the neighborhood of 
springs and streams, camping grounds, etc., in which flint and 
other weapons may be gathered abundantly whereas over the 
rest of the state they are met with far less frequently. Sec- 
ondly, there are very few places where any one has taken the 
trouble to look for and save such things and record them 
when they were found. It is impossible to know how many 
specimens may even now be, as these were for years, in the 
hands of collectors who fail to realize the important evidence 
which they are able to afford on the subject of early man. 

2. A second objection that will be felt and doubtless pressed 
by some anthropologists may be drawn from the nature of the 
weapons. They are neolithic in pattern whereas an opinion 
is somewhat prevalent that implements found in such circum- 
stances should be of palaeolithic type; at least such a conclu- 
sion may fairly be drawn from much that has been written 
on the subject. But this opinion can scarcely be well founded. 
In Europe where later glacial, interglacial, and possibly pre- 
glacial relics of man are more or less recognized the first men- 
tioned are not palaBolithic. This character belongs strictly to 
those of the second and third eras. All such are paheolithic and 
betray by their pattern an ancient origin. We should antici- 
pate similar results here and the facts above given are in ac- 
cord with this view. These implements bear every trace of 
comparatively recent date and they occur mixed in the clay 
and gravel deposits of the melting ice-sheet. The evidence of 
their entombment proves that they belong to the closing years 
of the glacial era — at the least their inclusion in their present 
matrix is of that date. In Europe neolithic man followed the 
Ice age, perhaps after a certain interval, perhaps immediately, 
and a broad and deep gulf separates him from his palaeolithic 
ancestors. 

Secondl}^ this late date corresponds well with the results 

of investigation into the time of the disappearance of the 
ice. JSfost of the data attainable will not allow more than 
about 10,000 years as the interval that has elapsed between 
that epoch and the present time. 
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Every one familiar with European anthropology will de- 
mand a longer era than 10,<X>0 years, counting back from the 
present day, for the exij^tence of neolithic man on that conti- 
nent. But when we reflect that neolithic culture wa« almost 
certainly introduced into America from Euroi)e and must 
therefore be younger here than there we may possibly be sat- 
isfied with that amount of time for the American neolithic 
dynasty. 

1 may add that it is at present far from certain that palae- 
olithic man ever reached this continent at all though the 
doubt rests at present on merely negative evidence. 

3. It will of course be urged that this conclusion which 
seems legitimately deducible from the narrative here given, 
if accepted, rests at bottom on the testimony of one man. In 
a measure this is true though 1 have taken occasion to point 
out how strongly circumstantial evidence supports this testi- 
mony in a way that seems to render scepticism quite unreas- 
onable. Beyond that* the only reply that can be made is that 
almost all similar cases must in like manner rest on the testi- 
mony of some one individual. The way in which specimens 
occur precludes the possibility in most cases of securing any 
other testimony and even if it should be the good fortune of 
a geologist to come on such a relic himself the rest of the 
world, if it accepts the ''find'' at all, must accept it on his 
testimony alone. It is in the highest degree improbable that 
such relics will ever be discovered and disinterred in the 
presence of the geological and anthropological societies of 
the country. By cumulative evidence derived from the multi- 
plication of carefully investigated cases must the question of 
niairs antiquity in North America be answered. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 

Tr.i't Honk (\f Pdlaumtoloij}/. By Kari. A. von Zhtkl Translated 
ami nlited by C» aklks R. Eastman Ph. 1).. Vol. r. Part 1, with 59:j 
\v()<m1 cuts, pp. '5.V2. A more translation, from (n'rman into English. t>f 
the ^'rcat text-book of professor Zittel woultl have been no small task: 
and sueh a work would at any time have met a hearty welcome at the 
hands of American students of paheontology. Dr. Eastman, however, 
has undertaken more than a translation. With the consent and co-op- 
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eration of the author and *4n collaboration with numerous specialists" 
most of whom are Americans, he has undertaken to brin^ the text- 
book into harmony with the latest knowledge of specialists in all de- 
partments of the many-sided science of palaeontology. 

Since the publication of the Grerman edition of the text-book in 1880 
palaeontology in common with all other sciences has made great pro- 
gress. Brady's report on Foraminifera has appeared; Nicholson has 
completed his monograph on the stromatoporoids; our knowledge of 
the morphology and taxonomy of crinoids has l)een enlarged by the la- 
bors of Carpenter and Bather, and by the epoch-making work of 
Wachsmuth and Springer; the publication of the results of investiga- 
tions on the Echinoidea by Duncan, Clark and others, has made it pos- 
sible to recast the classification of that group of organisms; Ulrich has 
practically created the paleontology of theBryozoa; and Beecher, Schu - 
bert. Hall and Clark have made it necessary to discard to a large ex- 
tent the old taxonomic divisions of the Brachiopoda. 

The part before us ends practically with the Brachiopoda. Tliere 
are a few pages--344 to 352 inclusive — devoted to a general discussion 
of the Mollusca and of the class Pelecyixxla, but the whole subject of 
classification of the Mollusca is reserved for the second part of volume I. 

The difference in the treatment of the several groups of fossil animals 
in the translation and revision, as compared with the original edition, 
becomes apparent at the very beginning of the volume. The classifi- 
cation of the Foraminifera has been completely recast. In place of the 
sub-orders Imperforata and Perforata of Carpenter, the classification 
follows Schwager in dividing the Foraminifera into the four groups 
Chitinosa, Agglutinantia, Porcellanea, and Vitro-calcarea. The distri- 
bution of the genera in families follows somewhat closely the arrange- 
ment adopted by Brady. The much discussed Eozuon is relegated to 
the category of **mineral segregations." 

In the group of sponges the departure from the arrangement of gene- 
ra and families in the original work is scarcely less marked than in the 
Foraminifera. The studies of Hinde and Ulrich, but more than all the 
classic work of the author, since 1880, have placed the knowledge of th» 
structure and relationships of fossil sponges upon a more satisfactory 
busis. None of the previously published systems of classification, how- 
ever, has been followed in all details in the present work. 

Notwithstanding all that has been written on the systematic relations 
of the Paleozoic corals, the classification of this assemblage of organ- 
isms still remains in a very unsatisfactory condition. The old group of 
tabulate corals is probably in worse state than any of the rest. It has 
been broken up by various authors and distributed among different 
divisions of the Alcyonaria, Hexacoralla and the Bryozoa. In the 
present work the separated members of the group are re-assembled and 
treated in an appendix to the Hexacoralla. Favosites, Halysites, Sy- 
ringopora, Aulopora and even Chaetetes and Fistulipora, here stand 
once more in their old friendly relations. This statement, however, 
requires some modification. It is true only so far as relates to the por- 
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tioD of the work devoted to corak ; for when we come to the Bryoxoa, 
a mbject which has been largrij rewritten bj Ulrich, we find the fistn- 
liporoids and monticaliporoids separated from their fellows of the old 
Tabnlata and from each other, and ranged under different ordinal di- 
visions of this interesting class of Molloscoidea. No better disposition 
of Ueliolttes and Plasmopora is proposed than to leave them with the 
recent Heliopora under Alcyonaria. 

With some slight modifications, both in taxonomy and the termin- 
ology of the structural elements, the crinoids have been revised in ac- 
cordance with the latest published deductions of Carpenter, Bather, 
and Wachsmuth and Springer. In no group of organisms has a knowl- 
edge of the significance and homologies of structural elements pro- 
gressed more rapidly in recent years than among crinoids. In no group 
have changes of views aaK>ng specialists followed each other in such 
quick succession. It may not be safe to say that further progress, in- 
volving future modifications in taxonomy, is improbable; but it may be 
affirmed that the scheme of classification presented by the work before 
us is up to date, and represents the fullest, latest, best information on 
the subject. 

The other classes of the Echinodermata may not have fared as well 
as the Crinoidea, but all are treated fully and in accordance with the 
beat knowledge at hand. Billings' genus Glyptocystites seems, however, 
a little out of place in the Caryocrinidae, and the American Devonian 
genus of the Cystoidea, Strobilocystites, might have hail a place in a 
text-book that will be largely used on this side of the Atlantic. 

The Bryozoa have been revised by Ulrich as already noted; and that the 
classification of the Brachiopoda }s in accord with the latest determina- 
tions of structural affinities in this important group is attested by the 
fact that the chapter on the subject was revised and largely re-written 
by Schuchert. The conclusions of Hall and Clark in \Pcdeontology of 
New York, Vol. VIII, are somewhat closely followed. 

The work undertaken by Dr. Eastman and his collaborators is one of 
great magnitude, and if the remaining portions of the text-book reflect 
the latest knowledge of the several parts of the science as does the one 
already issued, paleontologists, not only in English speaking countries, 
but throughout the world, will be placed under lasting obligations. 

8. C. 

On the Vertebral Column, Fins, and 'Ventral Armoring of Dinich- 
thys. By Bashford Dean (Trans. N. Y. Acad. Sci., vol. xv, pp. 157- 
163. pi. vii, viii, 1896.) By means of this paper, which represents the 
author's study of a unique specimen of Dinichthys in the collection of 
Dr. William Clark, our knowledge of this interesting genus of fossil 
fishes is greatly increased. The vertebral axis and supports for the 
dorsal and ventral fins are here described for the first time, and import- 
ant relations are pointed out between them and the conditions existing 
in Coccosteus, It is noted that the dorsal fin occupies the same relative 
position in both genera, but it is ^'smaller and more delicate in Dinich- 
thysy the latter character being directly opposed to what might have 



Review of Recent Geological Literature, 31i 

been inferred on a priori grounds.'' To the reviewer, this fact appears 
confirmatory of the suggestion recently advanced that the swimming 
powers of Dinichthys were centered principally in the hinder part of 
the trunk and tail, and were in direct relation with the posterior process 
of the dorsal shield, a process which finds its most complete develop- 
ment in this genus. 

Of great interest is the author's description of the ventral armor, andl 
his comparison of it with other forms. Wright's able interpretation of 
the system is supported in the main, and is at the same time completed 
by the discovery of an undoubted ventro-median plate. If Dr. Dean*» 
view is correct that this element is single and undivided, the species 
presents a marked variation from the normal condition in the dinicb- 
thyids, and in the Arthrodira generally; and yet, such a variation is 
readily explicable, when we consider the loose connection between the 
ventrals and their great tenuity, as a device for strengthening an other- 
wise fragile plastron. Nevertheless it must be observed that the evi- 
dence is not entirely decisive on this point, owing to the extremely 
weathered condition of the anterior portion of the ventro-median. What 
Dr. Dean Considers to be the homologue of an antero- ventro-median may 
be in reality all that is left of that very element itself, which had be* 
come displaced downward so as to overlie the ventro-median proper, 
and afterwards had suffered almost total obliteration. In any case we 
know that two elements are potentially present, an anterior and a pos- 
terior, but whether the relation between them was one of fusion or of 
suture appears to be indeterminate from the specimen itself. It is un- 
fortunate, too, that the conditions of overlap among the several plates 
are not clearly decipherable from the present specimen, nor are they in^ 
dicated in Prof, von Koenen*8 recent description of D, minor (f). The 
precise relations of the elements constituting the ventral armoring have 
yet to be ascertained from a specimen preserved in situ, such a one, for 
instance, as was briefly noticed in the last number of the Geologistv 
(p. 222). This much, however, is already certain: namely that the ven- 
tral plates of DinicJithys are subject to greater variation, even within 
specific limits, than all the others of the derm covering. One class of 
variations may be alluded to here, which is known to affect different 
individuals of one and the same species, and that is the relative length 
of the anterior ventro-laterals as compared with the posterior pair. In 
one series, (A), the former are longer than the latter, and the total 
length of the plastron is greater than in the corresponding series, (B)^ 
where the reverse condition obtains. Augmentation in length was only 
possible in a posterior direction, the anterior boundary being fixed; 
hence the first series must have had the abdomen protected by a plated 
covering over a greater area than in the second series. Although » 
matter of pure conjecture, it is not altogether unreasonable to suppose 
that these differences were correlated with sex. c. R. K. 

Fifteenth Annual Repaint of the United States Geological Survey t9 
the Secretary of the Interior, 1893-'94. By J. W. Powbix. Director* 
(Pages xiv, 755; with 48 plates, and 29 figures in the text: Washington, 
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18Q5.) Tbe appropriatioos for the fiscal year here reported were $909,- 
900 for topographic work: $55,000 for engrarmg and printiDg maps; $83,- 
700 for geolo^ work: $11,000 for paJeootologic work; $8,000 for chemi- 
eal work: and $89,740 for other purpoaea, — making a total of $I50,6IO. 
Bcodeathia amouot, an additional sum of $35j000 was allotted for ez- 
penditnie bj the public printer in the publications of the Snrvej. The 
strictlT geologic portion of the Surrer was carried forward bj twenty - 
five chiefs of divisions and heads of independent parties, whose individ- 
ual administratiTe reports follow that of the director. 

On June 30. 1891, ending that fiscal year, the directorship was resigned 
by major Powell, and Mr. C. D. Walcott became his successor. In 
bidding farewell to his coUaborators, Powell says: ^'Under different 
organizations I have had charge of the work for twenty -five years, in 
the beginning it was largely exploratory, but gradually, as the Survey 
expanded, it became more and more administrative, affording less time 
for research. The changes made in the personnel of the Survey have not 
been great, but steadily the scientific corps has been enlarged. . . . 
In this severance of our relations, made necessary by painful disability, 
I can not refrain from an expression of profound gratitude for the loyal 
and loving aid which they have given me, ever working together with 
seal and wisdom to add to the sum of human knowledge. The roster of 
these honored men is found in ten -score volumes of contributions to 
knowledge, and fifty-score maps familiar to the scholars of the world. 
. May the achievements of the past be crowned with the higher 
achievements of the future! " 

This report is accompanied by five special papers or memoirs on 
branches of the field work and investigations of the Survey, which are 
noticed in the following pages. w. u. 

Preliminary report on the Geology of the Common Roads of th^ United 
States. By Nathaniel Southgate Shalek. (Fifteenth Annual Report, 
U. S. Geological Survey, pp. 255- 306. > An important indirect benefit 
arising from the invention of the bicycle and its extensive use, especial- 
ly in the large cities and their vicinity, is a demand for improved road 
construction. In this paper, Prof. Sbaler gives an outline of the history 
of .\merican roads, and treats of the methods of using stone in road 
building, the relative value of road stones, and their distribution or 
sources of supply in the United States. Basalt is found to be much the 
best material for macadam; but, in the great interior region of the Mis- 
sissippi basin and Laurentian lakes, limestones, although relatively poor 
road material, are most use<l because of their accessibilitj'. w. u. 

The Potomnv Formation. By Lester F. Ward. (Fifteenth U. S. 
Geo!. Rep<jrt, pp. 307-397: with three plates, and four figures in the text.) 
Six memlxjrs, named, in their ascending order, the James River, Rappa 
hannock, Mount Vernon, Acquia Creek, Iron Ore, and Albirupeau series, 
make up the Potomac formation. The first two members are classed 
together, in view of the affinities of their fossil plants, as the Basal Po 
tomac; these and the next two series are united under the term Older 
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'PaUuDMcz mad tbt two hifiiet men^Mvs air (mlM tbe Newtr Pc^iwiar. 
^'UpcD tbe wiiaifu** wntssI^Df. Wsrd, **I jud dis|KiHid to c o p pwVir tiie 
PotDiBft? hwmmtkmMB m Cre^aoMioB dnpotiL but a£ ocmpTing iiMa*|T^ie 
vbole intervml frooi tiie cksr d the JnnneBc to tiie bsae <4 tt» Vj^tit 
CretacsMiiiB. as tktal is ctmtmcmH understood. T^ conp^elr <fistribi»- 
tkm of im fdnii piantB wtSL I doubt not, joBtify thk oottdiwan.'^ 

It 16 oovr ascertuDML as made knovn ^mte fnl^ in this mMDCHr, that 
the BaritaD and Ambc^ t^vfe d Nev Jersey bel«^ to the same e|MKii 
as the Never Potomac braag snoievhat aarlier than the Dakota forma- 



The total Folomac flora caminBes TST distinct forms. ooosistiiaK 
cdueAr of ferns, cycads. oaoifETs. and dkxKlykidoiis, the last named dasa 
being refwrflentnd by 9S genera and 330 sp ec i e s . w, r. 

SbeUiit €f fhe Gcokig^ if Vte Sam Prmtciat» Prmimmiku By Axt»KSW 
C. Lbawbos. iFiftocsith U. S. GeoL Refiort. pp. S9l^7a, with eight 
ptetes. and three figatss in the text. ^ Ae sevra terranes of this area, 
in ascending order, are Hi crystalline limestone, of unknown age: f2) 
tbe Montara granite, intmore in the preceding; (3) the Franciscan se- 
ries, of Mesoaoic age^ resting on the eoxided Montara granitn. an assem- 
blage of sedimentary and volcanic rcicks of great thic^sness. with which 
are aasooated Tanoos basic introaves, notably peridotite serpentines; 
l4) a light-colored, capemons-weathering sandstone, supposed donbt- 
fnlly to be of Tejon age: (5) the Monterey aeries, of Miocene nge., <^i(4y 
white. siiiceoQS dial^^ resting on the last: f6i the Merced series, of Ptio- 
oene a^^ a thick voiuxof di sediments, with one stratum of ft^lcanic 
a^. deposited after the crosidn of the Monterey terrane^ and (Tt the 
terrace formations, of Pleistoceaie and Recent age. deposited after the 
disturbance and partial d^iodatioD of the Merced series. Among these^ 
the Montara granite^ the Franciscan series, and the Merced series, are 
the dominant features in the geology of the peninsula. 

Tlie derelopment of the present physiography is found, by Dr. Law- 
son'^s investigatioos, to hare depended on the following nrindpal geolog- 
ical factors: (I) the formation, one after the other, of two similarly tilted 
fault blocks sloping to the northeast and precipitous to the southwest^ 
(2\ the presence of subordinate faults and folds in these fault blocks; 
(3) the variously resistant character of the formations constituting the^e 
blocks: (4) the existeBoe~of the earlier and more northern block above 
baseleTel and the consequent inauguration of its sculpture before the 
second block was thrown up: io) ensuing subsidence of the region ani) 
formation of the second foult block: (6) the emeigence in unison of 
these two great block fcmns from the Pacifip; (7) their sculpture as cc*n- 
ditiooed by ia) their relation to baselevel at various stages of the uplifts 
(6) their petrograpbic heterogeneity, and to their structural complexit> : 
(8) the formation, as an episode in the uplift, of marine terrace deposits 
on the lower slopes of the fault blocks; (9) the sculpture of these ter- 
races; (10) associated accumulaticMi of dunes: ill) a recent subsidence; 
(12) the formation of the present tidal flats, deltas, etc.: and (13) rood^ 
em shore erosion. w. v. 
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Preliminary Report on the Marquette Iron-betxring District of Mich- 
igan. By Charleb Richard Va^iHise and William Shislet Batlbt. 
With a chapter on the Bepublic Trough, by He^vrt Llotd Smith. 
(Fifteenth U. S. Geo!. Report, pp. 477-650. with foarteeD plates and 
tweWe figures in the tert.) The n^neral geological map of the district 
here described, on the ecale of a mile to an inch, with contour lines for 
sach 50 feet, covers an extent of thirty-eight miles from the vicinity of 
Marquette west by Negaunee and Ishpeming to Michigamme, with a 
width of nioe miles, excepting that on the south it reaches three miles 
farther in the valley of the Michigamme river to Republic. The base- 
ment complex of Archean rocks on the north comprises the Mona 
schists, Kitchi schists, gneiseoid granites, hornblende-syenite, dike 
rocks, and peridotite; while on the south it is chiefly granitic, with the 
Palmer gneiss and dike rocks. 

The stratified Algonkian rocks are divided in the Lower and Upper 
Marquette series, which are regarded as equivalent with the original 
Huronian north of lake Huron. The lower series includes, in ascending 
order, the Mesnard quartzite, Kona dolomite. We we slate, Ajibik 
quartzite, Siamo slate, and the Negaunee formation of iron-bearing 
slates and schists, the last nam3d formation being about 1,000 feet 
thick. In the Upper Marquette series, following the same ascending 
order, are the Ishpeming quartzite, the Bijiki schist, and the Michigam- 
me and Olarksburg formations. The present thickness of each of the 
two Marquette series is about 5,000 feet, or less; and they are folded and 
fractured in a very complex manner, with much metamorphism. 

Concerning the minute fracture and deformation of these series of 
rocks, the authors remark: '*A microscopical study shows that not a cu- 
bic inch of material has escaped dynamic action. Almost every original 
grain of fair size gives evidence of interior movement. The rocks have 
been kneaded throughout. While as a further consequence of dynamic 
action there has been local faulting at various places, with two or three 

exceptions no important faults have been observed in the district 

Had the rocks which are now exposed not been deeply covered, it is 

hardly possible that the complicated folding could have occurr^ 

without complicated faulting." 

As in the Penokee district of Wisconsin and the Vermilion iron 
range of Minnesota, the ore deposits seem to have been formed chiefly 
after the rej^ional folding took plat'?. Surface waters, bearing organic 
acids and percolating down through the iron-l>earing rocks, received 
their iron int^j solution, and deposited it in the rich ore bodies where 
they encountered alkaline and silica-removing waters furnished by the 
alteration of the adjoining igneous rocks. w. l\ 

The Origin and Ri'lntions o/ Central Maryland Granites. By 
Chaklrh RoLLiN Kkyes. With an Introduction on the General Rela 
tionn of thf. Granitic Hjcks in the Middle Atlantic Piedmont Plateau, 
by Groroi Huntington Williams. (Fifteenth U. S. Greol. Report, pp. 
Col 740, with 22 plates, and nine figures in the text.) In the introduc- 
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tory paper, by the late Prof. Williams, he states his conclusion that the 
eastern part of the United States has no truly plutonic rocks of demon- 
strably younger age than the end of the Paleozoic era, when the Appa- 
lachian mountain belt was uplifted and folded; but they are found in 
abundance of all ages down to that time. From his studies in Maryland, 
as set forth here in detail, Williams was led to believe that pegmatites, 
in some cases produced by aqueous segregation but in other cases by 
igneous intrusion, and quite similar in appearance, occur side by side. 
Summarizing the investigations of the granitic rocks of eastern central 
Maryland, Dr. Keyes finds that some of the granites are eruptive; that 
both epidote and allanite occur in the eruptive granites as original 
constituents; that muscovite is a primary mineral in the very acid 
granites of Guilford, Md.; and that certain gneisses are derived from 
granites, their schistosity being a result of orogenic movements with 
shearing and partial recrystallization. w. u. 

Reports on Areal Geology, Sheets 1-4. (Missouri Geological Survey, 
vol. IX, 420 pp., 4 maps, 25 plates, 51 figures, 1892-1896.) The general 
plan of publication adopted by the state geologist. Dr. C. R. Keyes, is a 
single series of royal octavo volumes. The plan of the work is of a two- 
fold nature, embraced under what is called subject work and areal 
work. Eight volumes, embracing some of the results of the former, 
have already been published; the present volume is the first of the areal 
reports. As stated in the list of the publications of the Survey, the 
areal (or sheet) reports are issued in three different editions to meet the 
demands of different classes of people, in order to supply the necessary 
wants and at the same tiole not to compel the issuing of an unnecessar- 
ily large number of each. The editions of the areal reports are as fol- 
lows: 

First. Several reports are bound together, in cloth, with folio topo- 
graphic and geologic maps on thin bond paper and folded, the whole 
forming a volume uniform in size and style with the regular series of the 
final large octavo reports of the Missouri Survey. The first group of 
these areal reports form volume ix of the regular series, and consists of 
four parts, or reports on (1) Higginsville sheet, (2) Bevier sheet, (3) Iron 
Mountain sheet, and (4) Mine la Motte sheet. 

Second. Text same as in the first, bound in cloth as volume ix of 
the regular series, but the folio maps are unfolded, printed on heavy 
cardboard, and each enclosed in heavy paper covers. 

Third. Text of each report is bound as a separate brochure, with 
folio maps on thin paper and folded. 

The first of the sheet reports appeared in pamphlet form several years 
ago and two others more recently. The necessity of a dual arrangement 
of work in completing a thorough geological survey is obvious. On ac- 
count of the magnitude of the work the investigations must necessarily 
extend over a period of several years. The means usually provided are 
far too inadequate to extend the detailed work over a whole state in a 
single year, and consequently in the beginning of the work some areas 
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must be taken up first and finished, before others can be inquired into 
and mapped in detail. At the same time the work on Yanous topics 
may go on over the whole region and the results of the investigations on 
the various deposits published and given to the public long before all 
the work of all the counties or districts is done. By careful planning 
beforehand there arises no duplication of work nor publication, and the 
reports meet the wants of two large classes of people — the one seeking 
information of a general character for the state as a whole, together 
with detailed information concerning the particular adaptabilities, ac- 
cessibility, etc., of the different mineral substances; the other seeking 
detailed information regarding particular localities. The strictly scien- 
tific aspects are treated in the same manner. u. s. g. 

A Preliminary Report upon the Florida Parishes of East Louisiana 
and t/ie Bluff, Praiine and Hill Lands of Southwest Louisiana. By W. 
W. Clendenin, Geologist, April, 1896. pp. 161-256. One must needs 
look everywhere now for information if one would remain posted on ge- 
ological literature. Time was once when a few periodicals or a few 
state surveys published all the geological papers there were. Nowadays 
we have general periodicals and special ones: scientific society proceed- 
ings by the score: bulletins of museums; accounts of private or public 
explorations: state and national surveys. The latest place in which one 
must look is in the file of publications of the Agricultural £xi)eriment 
stations, that have sprung up like mushrooms in the last few years. 
Fostered by the general government and with a guaranteed subsidy of 
$20,000 per annum, to be gradually increased until it reaches $25,000,poor 
indeed, is the State that cannot afford to set apart some portion of its 
domain as an experimental farm. Some of these stations have assumed 
work of a sort that seems, at first sight, outside of their legitimate 
sphere. Although in the cases where it would not be otherwise done, 
they are justified in inaugurating it. Louisiana, for example, has set on 
foot a geological reconnoissance of which three parts have been pub- 
lished. The first two, under the direction of OttoLerch, were published 
in 1892 and 1893,* the third is the one at present under notice. 

The "Florida Parishes" belong to that part of Louisiana that was 
not included in the Louisiana purchase, but was acquired later by **oc- 
cupation'' Viy the Americans. The district reported on lies south of the 
.'Jlst parallol and between the Pearl and the Mississippi rivers. South- 
western L(^uipiana, reported upon, is to the west of the Atehafalaya river 
to the Sabine, **south of the latitude of Alexandria." Naturally in a 
survey like this, agricultural rather than geological, more attention is 
given to the soils than to the rocks making them or to the terranes to 
which they belong. While at the same time it is not an easy matter to 
trace the geological history where natural sections are few and where 
the alluvial covering is so extensive. After describing briefly the topo- 
graphic features of the country, it is noted that the Columbia and the 
LaFayetto formations are those chiefly occurring. Soils and economic 

*A Preliminary report iiiHin the Hills of Louisiana, north of the Vicksburjr. 
Shrover)ort and Pacific railroad. Parts I and II, pp. 161). 
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products (mineral and vegetable), are dealt with mainly, but in the last 
section a number of well sections and a few others are found. 

Tacked on to the geological report is a botanical one, in which Prof. 
Dodson gives lists of **Trees" (evergreens), "Oaks," "Trees and shrubs of 
minor importance," etc. These lists do not, of course, pretend to be 
complete. They show, unfortunately, quite careless proof-reading. O 
frequently maiquerades as a and vice versa, and u is quite often rep» 
resented by n. Some of the mistakes are quite inexcusable. 

As very little has heretofore been written regarding Louisiana geology 
one must needs be grateful for what is now accorded. J. f. J. 



CORRESPONDENCE. 



Prof. Lesley's final report. This **final summary" of the geology 
of Pennsylvania* has, after some years, been completed, and it is a fit- 
ting conclusion of the second geological survey of Pennsylvania. It is 
largely the work of the veteran geologist, J. P. Lesley, and the world 
owes him a debt of gratitude. The citizens of the Keystone state, too, 
may well be proud of the monument he has reared for them. While 
there is no State that has not at some time or other had a geological 
survey, there are few that can boast of any summary of the knowledge 
gained by the years of research. The details of a survey are of vast 
importance to the scientific world, but it is the results that a majority 
of persons desire. Too often these results are so hidden away among 
the mass of details that they are totally obscured, or are, at best, inac- 
cessible. But in these volumes we have an epitome of many thousands 
of printed pages, facts garnered from many volumes and arranged in 
great part by a master hand. For, besides representing to the general 
public the work they have paid for for so many years, the volumes give 
to the scientific world the opinions of a geologist whom all must honor, on 
many subjects that are discussed in the geological world; and above all, 
it is written in a clear and charming style, far different from the too 
often dry method of the ordinary geological report. It is unfortunate 
that Prof. Lesley could not have written the whole, for a large portion 
of the last volumes is by other hands, and lacks the animated method 
of the first 1,8(X) pages. 

There are but few problems that have confronted geologists upon 
which Prof. Lesley does not touch, and they are discussed in plain "Sax- 
on English," the author preferring "before and after or before and 
l)ehind to anterior and posterior, and overlaid and underlaid to super- 
imposed and subjacent." (p. iv.) 

The first volume opens with several chapters on general geology in 
which are discussed geological time, dimensions, sections, etc. His re- 

•A Summary Description of the Geology op Pennsylvania. Harrisburg, 1892- 
95, 3 vole, in 4, with index and atlas, pp. xix, 2638, pi. 611. 
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to the gulf of Mexkxi. fMSBiiicr throogfa PiMuisylvmnia. Hie wliole Appm- 
lachian an was drained off and became dry land, a cootiiieDtal aroa of 
ooal measures, much of which has^ttnce been carried away, but much 
still remains, constituting the extensive ooal fields of the present time. 
The whole rain water drainage was reversed. Hie Paljeoaoic river sys- 
tem, which came from the east, disappeared and a new Meeoaoic river 
system began to dissolve the raw continent and carry its undried strata 
piecemeal eastward into the newly -created basin of the present Atlan- 
tic ocean.'* (p. 48.) 

In the discussion of the Aaoic rocks the statement is made that as far 
as the Pennsylvanian region is concerned, the irregularity is so 9!^^^^ 
that it has been impossible '*to classify its rocks into a series of forma- 
tions, or even to show with any satisfaction the course of the outcrops 
on the map. All that can be said about them is that they are a badly 
crumpled-up mass of strata, of unknown thickoess, all more or less thor- 
oughly crystallized, of every grade of thick and thin-beddednees, of 
every tint of gray from nearly white to nearly black, with nearly every 
possible mixture of quartz, feldspar, hornblende, magnetite and mica, 
some of them being a syenite, some a granite, some a granulite, some a 
hornblende-schist, some a mica-schist, some a magnetic iron ore; and 
all of these kinds passing into one another, and overlying one another, 
as if the original sediments (if sediments they were) were of the most 
mixed and varied character, yet all derived from essentially one source, 
and belonging to one age, an age, moreover, not over-rich in lime and 
magnesia, if we may judge of it by the absence of crystalline limestone 
beds and beds of talc or serpentine.** (pp. 67-68.) 

The ArehaBan rocks are considered to be partly of volcanic and partly 
of sedimentary origin, and the arguments for or against each theory are 
very fully examined. The term Huronian as applied to a certain series 
of rocks is considered to be applicable only to those rocks exposed along 
the northern boundary of the United States. '^Should a similar series 
appear in some other region and be called Huronian on account of the 
resemblance, the name would have no iimevahie whatever; unless we 
should imagine that in a so-called Huronian age the whole surface of the 
planet was stuccoed with a certain formation: and received successive 
coat \ of other kinds of rocks in after ages. And in fact this is a popu- 
lar view, but absolutely false.*' (p. 157.) 

So Prof. Lesley goes on to state what seems to be so often forgotten 
when strata of widely separated regions are correlated, how improbable 
it is that the sediments of two organic basins would be similar, remark- 
ing: '*If Huronian strata existed elsewhere [than in the typical region] 
it would be around the Laurentian mass of the Adirondack mountains, 
in northern New York. But they are not to be found there. To say 
that they once covered the granite and gneiss of that country, but have 
been removed, would be to beg the question. It is not to be imagined 
that 18,000 or even 10,(X)0 feet of such rocks could be removed without 
leaving a trace behind. The small exhibition of specular iron ore and 
slate in St. Lawrence county can not be accepted as an equivalent of 
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the Huronian system merely because it underlies the Potadam sand- 
stone and suggests the Marquette ores; especially in the face of the fact 
that Marquette iron ores are not represented in the section along lake 
Huron, nor do they immediately underlie the Potsdam sandstone on 
lake Superior." (p. 158.) Similar remarks are made on page 162. 

As regards the Potsdam sandstone or Formation No. I, Prof. Liesley 
considers it to be unproved that the real Potsdam of New York extends 
as far as southern Pennsylvania, and he believes that ihtChiques sand- 
utone is the l>est name for the Pennsylvanian outcrop. It is the Primal 
sandstone of Rogers and is more of a quartzite than a sandstone. Sco- 
UthuH IhieaHH is the only fossil mentioned by Prof. Lesley, although 
others have since been found. 

Following the discussion of the economic features of Formation No. 

I, mainly iron mines, is an interesting chapter on the Gre-at VaUejf 
(Chap. XXII), and then is taken up the description of Formation No. 

II, the equivalent of the Calciferous, Chazy and Trenton of New York. 
It would occupy too much space and extend this notice to an unrea- 
sonable length to note the many interesting facts presented by Prof. 
Lesley in his graphic style. Some things, however, seem worthy of 
special notice. In discussing, for example, the thickness of Formation 
No. IV, including the Oneida and Medina of the New York series, he 
notes the lack of uniformity in all oceanic deposits and enforces his 
statement with the following remarks: 

**The liottom of a formation in one place may not exactly correspond 
to its bottom in another place; and the same is true of its top. Nature 
has never written its historical memoir of geological operations in dis- 
tinct and well-rounded sentences; has never numbered and headed its 
chapters; has seldom drawn strong black lines between its paragraphs. 
The formations grade and fade away into each other; and that both 
downward and upward: and the geologist who attempts to measure any 
formation at any place must simply do his l>est to select some bottom 
rock to begin it with and some top rock to end it with. But in doing 
this he is always liable to mistake. He must make his own selections 
im his own responsibility. He can never confidently assert that the bot- 
tom and the top of his formations are established facts of science. 
When he multiplies his measurements of a formation in various places 
in onler to obtain by comparison a knowledge of its variations in thick- 
n^-^s. be .subjects himself to the risk of multiplying his errors. Some- 
tim*-s, indeetl. a special IhhI at the bottom or at the lop of a formation 
m mj ftaj^rantly different in constitution, in color, or in its fossil forma, 
IffjOi ail the other \kk\s near it that he can adopt it as a key rt^rk with 
'>^^<!K3#-Tabie confidence. But this is rarely the caa?: and even when 
jsu'-h ft k^y rr>ck presents \tse\t in one part of his district and another 
m^-Ti \cf-j rrick a!mf#t or exactly like it presents itself in another part of 
ktm 'Iwtrv-t there i.s always a possibility that the two are not coo tin uchkj; 
XhiZ^. %ii^} -Mf-r*; not depoeileii at exactly the same ticoe thrvHi|rboat the 
fTflf^jL. zry} that pjerhape nature has repeated the deposit kKally ai>d 
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PaleoDtologists might object to this statement and say that fossils 
furnish a sure gtiide to the contemporaneity of formations. But it must 
not be forgotten that fossils are not strictly limited in range in many 
cases; and even when individual species are limited the fauna as a whole 
is not. Facts in geographical distribution at the present time should 
teach the difficulty and precariousness of generalizations as to range in 
former times. The genus Sequoia is living now in America, but it 
lived in Europe during the Tertiary. Were the species to become extinct 
now, a correlation of deposits in the two continents and their reference 
to the same time period would be obviously an error. This is only one 
instance out of many that might be cited. 

The subject is still further considered by Prof. Lesley in his discussion 
of the separation of the Hudson River slate and Medina shales. In Bed- 
ford county the Oneida sandstone b absent and the Hudson River slates 
pass without any break into Medina shales. Hence the inference is 
drawn that as there is no indication of an elevation of the sea bottom to 
dry land, the absence of the Oneida **is really and surely due to the fact 
that the sediments were floated further out into deep water according 
to their fineness, until at length the finest material was exhausted, or, 
mingled with equally fine material, floated in from other directions.'* 
<p. 665.) At the Lehigh water-gap, while the Oneida is present, it rests 
conformably upon the Hudson River sandy slates, and these uppermost 
beds contain thin beds of sandstone, and there is thus a regular passage 
from the fine beds of the Hudson River to the coarser beds of the Me- 
dina; '^and yet the transition is in fact instantaneous; as if a vast 
quantity of gravel was deposited upon a level sea bottom of dark sandy 
mud." (p. 676.) 

So, too, at Port Jarvis, the Oneida and Medina pass into each other, 
by a series of alternations of white and red beds. *^he bottom Medina 
beds (next over the Oneida) are all sandstone, made up of grains of 
quartz, some of them containing small pebbles of white quartz, inter- 
stratified with soft shales; while the upper Medina beds are nearly all 
reddish shale (much split by cross cleavage) interleaved with thick red 
and grayish sandstone beds'* (p. 677). 

The student of topography will find in Chapter LIl (pp. 681-711) an 
interesting discussion of the topographical features of middle Pennsyl- 
vania. This is a mountainous region and the chapter is a succinct his- 
tory of the mountains in their geological aspect. 

Volume two is occupied with the Upper Silurian and Devonian for- 
mations as volume one was with the Laurentian, Cambrian and Lower 
Silurian. In Formation No. V, we find included the C-linton, Niagara 
and Salina of the New York system. The contacts of this with No. IV 
below and No. VI above are indefinite and difficult to locate. The gen- 
eral thickness of the formation is about 200 feet, but the local variations 
are very sudden and very great. The beds are mostly destitute of fossil 
remains. One remarkable feature is that the Niagara formation, so 
well developed in New York, can not be certainly recognized in Penn- 
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The gremt extent and value of the Carboniferoue fonuatioDa render 
detailed deecriptions neceasarT, and as a consequence about 670 pages 
(1916 to 2588) are devoted to it. Tliere are large numbers of sections 
and maps and the treatment is as exhaustive as could be made in the 
space at command. There is a noticeable lack of remarks, condusionB 
and suggestions such as characterixe the first portion of the summary 
by Prof. Lesley. 

The last part of the last volume is occupied by a description of the 
*'New Red^* rocks of Berks and Montgomery counties, by Benj. S. Ly- 
man. It is a succinct account of this formation. 

Taking the volumes as a whole, the 'Nummary'* is a success and a 
credit to the authors, especially to Prof. Lesley, and to the State. The 
great number of plates makes it useful and interesting to many who 
might find the text dry. Some typographical errors have crept in, but 
this is not surprising when the mass of material to be gone over is con- 
sidered. J. F. James, M. D. 

Higham^ Mass.^ Aug, 27, 18X, 

GiOOD Gbound, Long Islaic d. The Montauk division of the Long 
Island railroad leaves the terminal moraine at Jamaica, going east, and 
runs south of it for the distance of about seventy miles until the sta- 
tion of Good Ground is reached, about a mile and a half west of the 
Shinnecock range of hills. The southeastern portion of the frcmtal 
plain — the overwash of the glacier — is almost valueless for agricultural 
purposes. Good Ground, as its name implies, seems to be an excep- 
tion. On the fourth of July last, the writer paid a visit to this inter- 
esting locality for the purpose of observation. A short ride on the car 
from Elastport brought me to the station at Good Ground. 

The terminal moraine lies between the station and Peconic bay, and 
a journey of about a mile and a half on foot brings the traveler to 
Squire's Grove, situated on the southern shore of this beautiful expanse 
of water above named. The so-called englacial till is not very deep, 
and covers stratified beds of sand and g^vel which are exposed in the 
banks along the country road. The boulders are quite plentiful and 
lie very near the surface. They consist for the most part of gneissic 
granite, trap, and sandstone, doubtless brought over from Connecticut. 

On nearing the bay, I could see the old familiar water channels 
branching out from it. One large arm stretches out through Squire- 
town to the southwest, forming a valley in which are some of the best 
farm lands. On reaching the beach, the inlet to the Canoe Place canal 
is about a mile to the east, with a high bluff intervening. Part of the 
bluff has been worn away by the inroads of the tides, and the beach is 
lined with boulders that lie like herds of cattle along the pebbly shore; 
many of them are larger than a good-sized ox. One can hardly realixe 
tihat they have been transported so far from their native bed, and there 
is little wonder that the primitive mind regarded them with supersti- 
tious awe. The Long Island Indians had their legends as to their ori^ 
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The Oanof- Piae*- depreHaion nearh cuts thv iahmd m two. Tiie IV 
conic: and Shinn«(xick bavB wer<^ doubtie»^ at one time connected, and 
thiH connectioi) haf^ been restore^] by artihcial means, a canal iiavin^: 
been constructwl across the narrow ifithmub. A littie further east, an 
other arm of tb« Peeonie hay stretches out towards ^BoutiiamptoD. and 
between thee< two arms are embra(;ed the i^hinnecock liilifi. TQiear* 
ar<' realty marfrinal kames without th»^ moraines. Th«' till is ver> li^it 
and th«* soil therefore T)Ot^» fertile as that of (vood Ground, where the 
main morainic belt or "tiack bon»'*' of this island iias been more fullj 
T)re«prved 

Tn* tarrnrrn of rii« w>\itii Bifl«* of l^ooi iRland hav< ksamed. without 
knouiQt tnf (%'iiiR* . tna* rh' nnarpr the} ire i t^ith* ridcre— the termiuail 
irioraHi'-- th< n»or« fniittir mth^s^iii <)! (viiirse^rlacialists will under 
fctaru \\i) tilts »ssn.a^ n irenrr^ th* irlHCiatw] portion is more pri* 
ilu'tiV' trial th< uriiTlHfiatei] 

T:r re^i'ii o* t h" SlUBneef)j»4-; tiilK i- fiilf of iiiteresi. and it is wartb> 
«•/ /.-.!' t!ja; tri' lat< !*rnf .Janie- 1> I>ana. noi Ion;: k>efore his death. 
f.,aii. Vv kf tha: Keem- t« > nnloc.;: f4orii»' of Ui»' mysteries of tiiif; woe 
«jf' ui»»i li i( T»aT>e: r»i, ijon^^ islantl fwuuul ui the ^uatemar} eru. h*- 

"All. .I.»nnia . .!' S'Mrinri . thini fs/ries. vol. 4(1. ^). 4S(i. 
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savs: — ^AlcNoi^ the middle thiid of the sound the depth in the larger 
part is only 10 to 15^ fathoms. There is near the southern shore, how- 
ever, a depreesioD of 20 to 25 fathoms. It ends with abruptness about 
a mile and a half from the shore with a depth of 181-4, 11^, 10, and 9 
fathoms.'* This alnmpt termination is thirty miles short of the outlet 
to the sound, and is nearly opposite the Mattituck pond, which almost 
connects with Peconic bay. Profef«or Dana was quite ccmfident that 
a relationship existed between them in glacial times. 

The present writer had arrived at the same conclusion by independ- 
ent inTestigation. Not only this, but on a visit to Mattituck during 
the summer of 1893, 1 could see, what perhaps had never occurred to 
Dana, a connection between the Mattituck depression and Canoe Place. 
At least it was very suggestive that this break in the terminal moraine 
should occur nearly in a line with the deep depreFsion referred to in 
the bed of the sound. The suggestion, of course, came naturally enough, 
as I bad made a study of the same phenomenon on the west end of the 
island, where the bay depressions on the south side of the sound had 
been followed up through the moraines to the sea. All the connections 
between the Mattituck depression and Canoe Place are lost in the wa- 
ters of Peconic bay; but when it is understood that the same conditions 
prevailed here, during the Glacial period, as on the west end of the 
island, the conclusion stated was easily arrived at. In fact, I had 
suggested this some years previously to my visit to Mattituck, and be- 
fore I had seen Prof. Dana's paper in regard to the sound depression. 
In a pamphlet on the formatiim of Lon^ Island, published in 1884, I 
said: ''Block Island sound, (Gardiner's, Great and Little Peconic bays, 
were originally formed by subglacial streams, that came from the main- 
land, and are merely the counterpart of the depressions and basins 
on the west end of the island." I mention this because it was very 
gratifying to find my conjecture seemingly confirmed by subsequent 
investigation. 

The visit to Good Ground and Canoe Place was full of interest, not 
only on account of these geological problems, but there was much to 
remind me of my native home across the ocean, especially in the Shin- 
necock hills, which rise beyond Canoe Place to an elevation of 140 feet. 
Some writer has said, ^'Looking at them, where no villa is in sight, one 
is forcibly reminded of the description of the moors of Lorna Doone." 

Eastport, L. /., iV. Y, John BrYson. 

A Granite Boulder near Ptttsburoh, Pa. While geologizing 
around Carnegie, (formerly called Mansfield), in Allegheny Co., Penna., 
on August 30, this year, at a point just about 6 miles southwest of the 
confluence of the Allegheny and Monongahela rivers at Pittsburgh, 
namely about 500 feet northeast of Woodville station in Scott township 
on the P. R. R., in the bed of Scrubgrass run, I stumbled upon a very 
massive well-rounded erratic of red granite. 

This boulder was partially embedded in the gravel and mud of the 
stream, but is api)arently about 2 feet 9 inches in diameter, and proba- 



Uj ««iitfa« Llm r>r Lino Om:. A tv^t anziT in Dpfn-ampnnl but- 
fw» IK Curt? a>ri.l-4nuv>cli«d wui KriaEed. .!« ai noe place spca it th«v 
«3a a r.^n<tMU7 Eo pMtL f sa> ahu> go koock olTa isiad ifKcimeti. a part 
'if >hi<^ ( tiase ctv pleaaniB &i vnd «i>o IwrevKh- X? »»j*jm for b«'- 
iirrf'iDff diat chia bnnJiiirr i* a gRBstae glacai-piuiad nfi»- and ocarlj in 
plai^, ma; tM> 4lac«i ctiiM; 

L Ia mmpnmtirin it in m.aeh UIk ocher erratia Cxind cicrtli of tbr 
m/mior' »a nutpp"! by the Sternui Geoloci^il Sorvej of PcansilTania. 

2- Ie i> hi iosC Hicti a potfitJoB a« nraci^ occur and arc conunoalT 
*<*D io topical txfotrW-BiFtw. 

X .\» afcr>*i> Aacn] ft hears Buited tnfence of [;l<K>ai ■ntiwttuog and 

L It tN moiiUr tii ntbttr booklR* in dup* aixl fona. nam^;. roanded, 

•>. Voiiiutlj U> bare- been derived bnta the bed of cool iche -PittB- 
barirb twrl",. or ila amociabal strata, whicli oatcrr^ about H fe^labofe 
tlM intft at this pianv. and shen* tbettt it a otMl loiae in operatioD : be- 
cauw moot •rratka biond Jn nr in enntact aitb owl are Kained Uack on 
tb* 'fUtnul^. abiU tbi* one ia doC Mmvorer I hare never beard of a 
ijTaiiite bonliier haTing; beea fninid id the coal measures erf western 
Penoajliania. tboui^ I bave oeen one of UntevtODe in the lO-incb bed of 
fimria; ilimrtiy n^Krij'u»z the snrkable pnrtina «f tbe -PJttsbuTKb" 
beil at the finUffj mine abnat 30 miles to tbe aoutfa of WoodiUle : and 
piMwiw 4,nt-, li ijuartiite, that was taksn oat of the "Ham moth" bed 
'jf anthracit<^ at Monnt Carmel. F^ 

1. Huch bouifieni are never flipped lat kaat I never heard ot such a 
tbint;, in freight or ciiai i^ars. especially Ui eoal-minea kicated in the 
•■.iniatry. Sui;b a etooe as this ooe wnnkl be very awkward to bandle 
int'i a i;ar, and [ t;aa conceivi; of do purpoae or object in ihippini; such 
a thinK at all i>xi;cptioi; piiambi]' tii a musenm. 

Tbi- HbmRfl in tb<' Htreaoi where this granite boaliler was oliserved ap- 
p>-ar>-rl iff lj<- all <if iirial meaaure origin, namely. — limeatone. sandstone, 
iron •:Tf, Krit. blaolf slate, etc. The elevation uf tbia buolder would be 
alH'iit ^MXJ feet alMive tide leiel. Tbe oearest erratic, la »mall. smooth 
U.uliler corapoted 'it dark greeaish, very hard, volcanic rock,) I have 
nif-t nitb U> tbe north o( this red gi'aiiite boulder, was on a bill side at 
N't;w BriKbtiin. Pa,, a locality also several miles south of the line oF tbe 
Ifn-iit nioniine an mappinl by the Peno. Geol, Survey. 

Tlii-t h..iilrl.T thcri-forc gh.iws that th-^ southern margin of the (tlaci;il 
iiioralrif. hh inup|»''l in HouthwcHtt'rD Pennsylvania, should be extended 
mmw-i'iai\]-H wiiith, in (hat r.-ition. W. S. Gbeslev. 

Kri.-. ['a.. s.-p. -VK \m;. 

.\|ii. y,Mti,f«<,-i AM, FimKiL TAiiL-r..*TEtf. Inthe.Julv number of the 
AMKurr^.v (iK.it..-;iHr. .Mr. Sardpwon >V<ea me th^ bimor to reply to a 
iriti.,111' T,f hif. |.ii|H-r. " L'i'Iht die BeziphunK''n der fossilen Tabulaten 
/ii '!.■(] Alryonariin."' Thr' fait that he Ihpre adduces oDe miestate 
luF-nt iimdi' l>y nn- and nlU-iif.K others, seems to call for some notice on 
rii> [p^irt. Ill j;i-ni'ral, I winh to assure Mr. Sardeson that tbe unnamed 
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inaccuracies which he charges, were unintentional, that the purpoce 
was anything but to show disrespect to himself or his reverend instruct- 
ors, that the animus was only that which desires scientific truth, and 
the advanced and accurate methods which are calculated to secure it. 

The single inaccuracy specifically mentioned will be found to be that 
of Mr. Sardeson himself, and is apparent only upon removing the 
expression quoted by him from its proper context. The paragraph in 
question reads as follows: ^* But the most serious arraignment I have 
to make of the general method employed is that in a paper of over one 
hundred pages, a paper which is systematic in its purpose if it is any- 
thing, 'the preeminent value of embryologic phases as phylogenetic fac- 
tors is entirely overlooked or slighted. Indeed, the statement is so gen- 
erally true that it may be made without modification, that nowhere has 
the writer used either embryologic stages or the succession of organic 
types in geologic time, as a proof, or as a check upon his work. Not 
only not performing investigations himself, but not even taking advan- 
tage of investigations already made, whether in the fi^ld of zoology or 
palajontology, he pursues a theoretic course independent of facts bf 
supreme importance ready to his hand." (American Geologist, vol. 
xviii, p. 38, line 33 et seq.) In this connection my meaning, I hope, is quite 
clear, that Mr. Sardeson has not directed his studies by truly 
phylogenetic principles, to the ontogeny of the individual. And 
this I believe is true. To state that he did not personally investigate 
the forms he discusses would be as great folly in me as it is in him to 
imply that I did so, and my own statement, if I had in mind to make 
such, would be contradicted by another on the next page (1. c, p. 39, 
line 43.) **To discuss a particular case, one to which Mr. SardeFon has 
given more personal study, perhaps than to any other, etc." 

Indeed, I do not wish to impeach Mr. Sardeson as a careful and 
truth-telling observer ; it is his deductions and his scientific method 
which in this case I call in question. 

As to the apparent oversight of my own notes on Favosites, pub- 
lished in March, 1895 (American Geologist, vol. xv, pp. 131-146), that 
is quite satisfactorily explained by Mr. Sardeson on the basis of its 
near contemporaneity with his own work. But the same is not true of 
the careful studies of Michelinia (Pleurodictyum) and Favosites pub- 
lished by C. E. Beecher in 1891 (Trans. Conn. Acad., vol. 8, p. 217.) 

George H. Girty. 
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Massachdsetts Institute ov Technology. Mr. George H. 
Barton has been appointed assistant professor of geology, and 
Mr. Amadeus W. Grabau instructor in geology. 

Dr. J. W. Spencer spent the past summer in Norway, giv- 
ing much attention to geological observations, and returned 
in season to attend the meeting of the American Association. 
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S^ Tke Ameriemn GmUtt^igiL 

Mat, OwT^s VL ^bauoBY^ dartn^ Se^cratbec; iia» 
the TpTtittrj banfrfeveiin^ ciie gtaeiai drift;;, auuL Qoatenukry 
rfrhanij^ of rKYT^m ennrse^ In Che agper KaHifieippi drainage^ 
an*» frrun ?hr. Paul rn BcrunercL Winn. 

Co^T or BuBoPKJUff Gr«oxa#ucAi; lirarwiraa^ Coder chi» dtle 
JIft. £. A. ."^mfSTDsa prBfl<Mir» an artieie ( whieh i» to be (Toa- 
dnued) in che BtM*fmesriiuf mul Mlmittj •ff>H'n^al for Get. I6tii. 
The 4Tirveyi^ tlinii^ far mendnned arp^ chose of RnsBia and Ger- 
many, 

?*TjbTm AJFD Sattobiak. G-Baijo#H€:A£. ifcavBT*. Under the title 
"^ finrvrieklun^ Orgftoisacinn and Leiscungen der gef>Ic»^9ehen. 
Landesiaafnahnien in der \rerefnij^cen ^^Caacen von ^Kordanrer- 
ika/^ m. KlitclEe gives (Zeitm^hrift fnr ^mktiscMe G^olo^jte^ 
June and Au^n^) an aeeount of the varioa» sCaG^aiui nation- 
al organizations whieh have eondneoed g!Rok>gicaI work in the 
fTnic^ ^kate^ All of the AogoflFt nomherof the n&agasine ( ^ 
pagBft) \ik devoted to a deseriplaoii of the work and pabliem- 
lion^ of the dilferent 9tate 9urvey». 

Xft« Gkos&e F. BecKSR* of the United S^^ates Geological 
%nr<fpfj. half returned to Washington after an absence of six 
months in ^oth Afriea* He vis ted the diamond mines at 
Kmheriey, hat Apent most of his time near Johannesburg^ 
utadying the gold deports. A projected trip through the 
Chartered Company^s territory was prevented by the Kaffir 
war. Mr. Beeker expects to print aome of hia resolts daring 
the winter^ but probably in England his data having been 
eonef»ted at the expense of English capitalists. — iSewrjuw.) 

The CaiCAiio Acadext of ScrtaiCES in Jnne« 1892, decided 
to inangiirate the "^Geoiogical and Natural History Sorvey** of 
this A<!ademy, the object being to investigate and report on 
the geology, topography, zoology and botany of the vicinity of 
Chir^ago. The fir?»t bulletin (The lichen-flora of Chicago and 
vicinity, by W. W. Calkins) of the Survey has already been 
issued. There are several other bulletins in coarse of prepa- 
ration, the following relating to geological subjects: The drift 
of the Chicago area, by Frank Leverett: Boring records of 
(IWu'fi^iio Hml vicinity : Palaeontology, by M. Fischer and W, 
(.. P3<^an : Mineral?*, by C. M. Higginson. 

Prop. Alexander H. Green, the r^accessor of Prestwich in 
th'- ^-hair of Geology in the University of Oxford, died Au- 
^imr 10, at the ai^e of ?»ixty-four years, having been bom at 
Maid-rone. Eng.. Or-t. lO. 1832. He was educated at Cam- 
hrirl;.''^-. and entered j^T^^oIogical work as an assistant on the 
«iirv<-y of Great Britain in 1H*>1. where he served fourteen 
year-*. In 1^75 he bef!arae professor of geology in the York- 
•^hire College. Leedj^. As an author. Prof. Green was widely 
known fr>r hi:^ excellent manual of Physical Geology, and he 
jiIho rr,ntributed or-easional papers to the Geological Magazine 
and the Quarterly Journal of the Geological Society. 
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I 
Messrs. J. ¥j. Spcrr, H. B. Goodrich and F. C. Schrader' 
of the United States Geological Survey, arrived in San Fran- 
cisco this week [Oct. 17, 1896 J. They were sent by the de- 
partment to Alaska last spring to report on the prospects of 
quartz mining in that region. They crossed the Chilkat pass 
and reached the upper Yukon about the middle of June. 
Going down the Yukon river, and pursuing their investiga- 
tions at the various mining settlements on their way, they 
reached Fort St. Michaels, at the mouth of the Yukon, three 
months ago. They believe that the prospects for protitable 
quartz mining are very good, and they will make a report to 
that effect. — {Eng. and Mining Journal.) 

The Peary Greevland Expedition op 1896. 

Lieut. Peary's expedition steamer Hope, which sailed in 
July with its party for scientific observations in Greenland, 
reached North Sydney, Cape Breton, September 26th. One 
division of the party, with Prof. Ge(»rge H. Barton, was landed 
for a considerable stay near Disco inland; another, with Prof. 
Alfred Burton, at the Umanak fjord; and a third division, 
with Prof. Ralph S. Tarr, on the shore of Melville bay. 

In Science for October 9th (pages 520-523), Prof. Tarr 
gives a brief narrative of the voyage, and notes of portions of 
his observations on Big island in Hudson strait, on the ad- 
joining southern part of Baffin land, on the Nugsuak penin- 
sula, and in the vicinity of the Devil's Thumb, Melville bay. 
He found evidences of the former extension of the Greenland, 
ice-sheet beyond the extremity of the Nugsuak, to the Duck 
islands, eight to ten miles out to sea, where it had a thick- 
ness of not less than 800 feet at a distance of thirty-two miles 
from the limits of the present glaciation. In the retreat of 
the ice-sheet, which is now taking place, the glacial currents 
on the margin, under the influence of the minor topographic 
features, are in some places turned much aside or even quite 
opposite from the courses which they had during the farther 
extension of the ice. 

It was found impossible to remove and bring the large mass 
of iron, thought to be a meteorite, to which Peary had been 
guided by the Eskimos in May, 1894, situated about twenty- 
five miles southeast of cape York. It is to be hoped that a 
geologic description of its locality may have been taken with 
sufficient fullness to determine whether that iron mass, and 
others a few miles farther eastward, may be of terrestrial 
origin, like the iron in equally large masses occurring farther 
south, atOvifak, in basalt, and also weathered out from it, 
where they were long supposed to be fragments of a great 
meteorite. w. u. 
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BIOGRAPHICAL SKETCH 
OF FIELDING BRADFORD MEEK. 

Bj- CHAmuES .V. Whitk. Washington. 
(PUt<» XII.) 

Twenty years have passed since the death of Fielding Brad- 
ford Meek, and yet the few of his old associates whom the 
Old Reaper has spared still hold for him only the kindest re* 
membrance. Scientists also, who did not know him personally, 
still give his works the same consideration and confidence 
that they were wont to accord while he was living. I shall 
make further reference to his f)ersonality, but it seems neces- 
sary to say at the outset that because of his indisposition to 
speak of his personal affairs, even to his intimate associates, 
it has been impracticable to obtain more thlit meager data of 
his personal history. This difficulty has been emphasized by 
the fact that his living kindred were so few and so distant 
that little or no information could be obtained from them. 

The most complete account of his personal history that has 
been published is the one which I furnished to the American 
Journal of Science for its March issue immediately following 
his death. The circumstance of my getting even these few 
data from him is so apropos of bis personal characteristics 
that I will relate it. One morning, only a few months before 
his death, while I was reviewing, with his aid, all the Smith- 
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naigiiK!<^:acai(C7 4br^<ixi:f«aiHiC «i*a a fim^ Tbe scs^ vas o»e 
vi^:}S v*r&cai i "vn^ ^yirnrar fs: 3i j pftcte^r ^t«. aad I r^eo^- 

^:%T*» f-TT zhLr^M jt^r^ mtoL arj ^i>«fa«<s6^ s^ «o eomplete that I 

lacnt^ irii» or^mai : ?»iic »ft»r gr«in^ tef f»wira^ cnne to b*«vi 
a^ litt:e *^fmgff*se4. I ffiffJ^raiiiieiL :» ataJbf rhi? o<;gaci »Mi ^erre mt 

^iiinn irf hiif pef^inai. hit^oirj. I mtxtirnin^j smti to hijn. tj^t. 
b«iTi(C j^ion^r tiisLa he. I ^fiaiii ^mbmblr oatSr^ hfm an^i 
tisfta I piainlj a^<ifii itim. for die daia. I wajttsd^ sftjin^ titat 
in <?a£!«f tl 31 J -^urviTal I wiiciiii pabix^ diesu Ke hesicatMi a 
little tt iir'rti bat thiea in r^pty o» mj que^«>ix^ he gaT« lae 
rile :'f>iIowin^ faf.-t^. !» whieii he seemed, dispoised to ^n>aillle 

Hr: -wHtr b*tm in die -Jicy of X;aMib*4)n. Iiiiif»na« December 10, 
LtlT. ii:>f xran«ipitr»fars were Irish Presbjteriansf. wh#> re- 
ai»»v*-«i >i Ajnenira :*r»>m 'ouncy Arma^ ab«iut the jear IT&.S 
ami, *x^r it fev aiuve"^^ made tneir permaneat home in Hajn- 
lit/io -''lunry. Obi«». There ait* father grew up tju manliood. and. 
!^u^'-i^r«i. -lilt wiin iii** v»iung family he remolded xn Xadisoo* 
wri»tr»r 1^: btr»!uai»f LI .uwvMr .,f i^jn><4derabie emineai^e. The 
finiiV- ;n«MU«ijni4: ^nt* -'nildrea wb«> were bom in Madison* ci>a- 
-i-r'-«i /; ':i»r :j:ir-n*-. ".Vi -i^/n.s und nvo dauj^ten*, all of 
\'i«/in i.*rn -<-v.-i-i^ v-iir^ )*-f #r»r jii? >^vri deceatie. The farher 
i,»-'i v'i»:!i ^":^'i^l::l^ vt- aiiV '.:ir>-^- vfnirsiid. leaving rhe fam- 
.• i-m' .a vnn'. j.;r i'.» a i •«Muii^it»n ro -nve die children 

;. , lii 1^ ^ -;i;' ' . >,ir:] .v:t> -;jt-nr :ri the ciry ol his birth. 

N 1. - ]♦• : --nu' 'i it' »♦'-: -4*']tM«i- *:iar were then established 
:•- - j.ii i.- i»- < I ' i»- li 1 j:'-»^>j[:y interfered with hio edu- 
{;."ii. ^?:.l. ':i» '. ii'- -i *n«»^^ y»-i»rs whs not lost, for whiJe 

laeir wei>- ;jci--.iiu :]»• " y j'^nii :•» aeveiop that love for nat- 
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ural science that was destined to distinguish him. Upon 
reaching manhood, by advice of his friends but against his 
own inclination, he invested his small patrimony in a mercan- 
tile business, first in Madison and then in Owensboro, Ken- 
tucky. The result was financial failure. After this, he la- 
bored at whatever he could find to do, struggling with poverty 
and ill health, but clinging to his beloved studies, which then 
included such fossils as were found in the region of his home. 
His whole thought was to learn, the idea of becoming himself 
an author not having yet dawned upon him. His studious 
habits became known, and when Dr. D. D. Owen organized 
his U. S. Geological Survey of Iowa, Wisconsin and Minneso- 
ta, he made young Meek one of his assistants, which position 
he held during the years 1848 and 1849. 

Having completed his work to the satisfaction of Dr. Owen, 
he returned to his home in Owensboro, where he remained un- 
til 1852, when he went to Albany, N. Y., as assistant to Prof. 
James Hall in the paleontological work of that stat^. He had 
then not only acquired large knowledge of invertebrate fossils 
but he had become very skillful with his pencil in their delinea- 
tion, and he entered upon his new work with great zeal. 
With the exception of three summers he remained with Prof. 
Hall continuously until 1858. Two of those summers were 
spent on the Geological Survey of Missouri, under the direc- 
tion of Prof. G. C. Swallow, and the other, that of 1853, in 
exploring the bad-lands of Nebraska, in company with Dr. 
F. V. Hayden, both having been commissioned by Prof. Hall 
to do that work in his interests. Three years after that ex- 
ploration he, in conjunction with Prof. Hall, prepared for pub- 
lication by the American Academy of Arts and Sciences of 
Boston, an important memoir on Cretaceous fossils from Ne- 
braska. This was really his first published paleontological 
work, and it was a worthy introduction to bis subsequent 
career. 

In 1858 Mr. Meek left Albany and went to Washington, D. 
C, where he resided until his death. At that time the needs 
of the Smithsonian Institution had not fully demanded the 
official use of all the rooms in its great building and the sec- 
retary, professor Henry, encouraged the gathering there of 
scientific workers, not only by offering them all its advantages 



for -Jtndy. hut hp allotteii steeping rooms to « few of tbem 
who had no familv. One n{ these pyom» wa» allotted to Mr. 
Meek when he Br^ went to Wa^ington. and he occupied it 
until hiii death, alwava ^li>epiag there when aot ab;>eDt on 
profetwional work. It *a* in this room, in the front tower of 
the main Smithsonian building; that the greater part of bi^ 
wientific life-work wai* acoropiished- 

TheawMwiarion which he formed with Dr. Harden in cbeir 
western exploration in li*5:l. wan prai^ticallj continued until 
Mr. Meeb's death. When Dr. Harden began his afterward 
famous geoloeical txpiorations of the Bocicr Mountain region 
and of the adjacent plains, he placed all his collections of in- 
rerterbrate foiH»ils in Mr. Meek* hands for sradr: and al- 
though ihi:' work was wholly that of Mr. Meek, most of the 
results of such studies for several years were published under 
their joint names. The most important of these joint pabli- 
entions. "The Paleontology of the Cpper Missonri," w»s is- 
sued by the Smithsonian Institution in l^a. and in many 
respects it w;is at that time the most exhauscire work of tbe 
kind that had been produced in America. 

Sotwithstanding bis unbroken relation with Dr. Hayden, 
Mr. Meek dei-lined to ac-ept a regularly salaried position up- 
on the «urvey organized by the former, preferring to command 
his own time and oppt)rtunities for doing inviting work in 
various rt»-ld-. He thus did for the (.ieological Surrey of Illi- 
n"is much the ^'"sater part rjf the work on invertebrate fossiU 
that characterizes that 6ne series of reports, although it was 
publi-hcd under the joint names of Meefc and Worthen. Other 
important wi>rk upon paleozoic fossils was done by him for 
the li*:ologii*al Survey of Ohio. 

.V v>-rv l^irije pjirt nf hi•^ wijrk. however, was done upon fi>s- 
-ij- ■■{ l.ir-r :iii-. an<l -jnly a f^'w moniiis before his death he 
lini-hi-.l ivh.it lie re'jarded us th^ m.ist important work of bis 
lit'-. ri;i:n.-:_i-. -.V Keporc i-n th-- Invertebrate Cretncenus and 
T.-r':..ry K.,-!!- ..f tile L'pper Mi-s-uri Countrr.-' This work 
'v,ri-;iiiite- v..lNiiie i.\.,f Til.- .|ii:irtii -leri.'s of th.' I'. S. Geolog- 
.■■:,. ■' irv.-y ..f rli^ T.-rrit..rie-, ,-i[i,l i.-imtiiins more than W)<) 

I- .- ri'.t ti.-'-.---ary li--re tn -|ie;ik at length of the character 
••' Mr. Mi-.-k- -r[r.;iri[i,. ialjnr- bei'ati-e the twenty years that 
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have passed since he laid dpwn his pen have not diminished 
the esteem in which they are held by those competent to judge 
of their merit. It is enough to say that thoroughness, scru- 
pulous exactness, nice powers of discrimination, and a com- 
prehensive grasp of his subject, are manifested in all his writ- 
ings; and with such merits his works will shed luster upon 
his name as long as paleontology shall be studied. 

Mr. Meek was never robust in health, and for a large part 
of his life he was an invalid, his malady being pulmonary 
tuberculosis. As age advanced his periods of exhaustion be- 
came more frequent and more pronounced until they ended in 
death. He died in Washington on the 21st of December, 
1876, and was buried in the Congressional Cemetery, in the 
eastern suburb of Washington. His funeral was held in a 
hall of the Smithsonian Institution, professor Henry having 
delivered the funeral oration. In person he was moderately 
tall, rather slender, of erect and dignified bearing, but as his 
malady increased, his carriage became less free. Although 
he was never strong and often ill he never complained, was 
always cheerful, always hopeful, and always devoted to his 
scientific work, which he dearly loved. He was genial and 
sincere, pure minded and honorable. Gentleness and candor 
were apparent in every lineament of his face and in every 
word he uttered: but he was self reliant and ready at all 
times to defend what he believed to be right, and with his 
keen sense of justice he was seldom mistaken as to what was 
right. 

His hearing began to fail in early manhood and the afflic- 
tion increased until total deafness occurred, several years be- 
fore his death. The paleobotanist, Lesquereux, who was also 
deaf during a great part of his life, learned to converse orally 
by watching the motion of the lips of the speaker, but Mr. 
Meek never learned to do this, and he even seemed averse to 
the use or recognition of any conventional signs. Still, he 
was always ready and eager to converse with his friends, and 
he always kept at hand a pad of paper and a pencil for their 
use. 

Although he was thus cut off from the oral conversation of 
his friends he never referred to it as a hardship. Because of this 
affliction, however, and of his natural diffidence, he rarely, if 



J',,,/'...'.:'!'^^ 







342 TAe ^mericcrn Geologist l>eeember, I8B6 

ever, attended social gatberingsr He never married and 
geemed disinclined to female society, but if brought into the 
presence of ladies no one was more courteous and respectful 
than he. He was rigorously circumspect in all his acts and 
conversation, and as chaste in every word and thought as if 
the fruit of the Vitex had found a place on his daily bill of 
fare. 

In dress he was plain, but neat, preferring the costume prev- 
alent in his early manhood. He wore a broadcloth cloak in 
cold weather, and always wore a silk hat, as seen in the ac- 
companying portrait. Indeed, to protect his head from drafts 
of air, to which he was peculiarly sensitive, he so often wore 
his hat in the house that his friends declared that his portrait 
would look unnatural without it. So, when he sat to the pho- 
tographer, he good-naturedly complied with their request and 
kept his hat on. He was never miserly, but his habits were 
so frugal that at the time of his death he had accumulated a 
competence which was quite sufficient for all his needs, even 
if he had lived to great old age. 

He seemed to have had no morbid fear of death, but he 
evinced much unwillingness to make any provision for the dis- 
position of his property with reference to that event. None 
of his friends, not even professor Henry, who had great influ- 
ence with him, could induce him to make his will. The result 
was that after long search his legal executor was able to find 
a distant relative who could legally take possession of the 
property. The Smithsonian Institution b(»ught from that heir 
Mr. Meek's library, and this closed the business affairs of a 
laborious and frugal life, but which was only a subjunctive 
corollary of a noble, intellectual life. 

In looking back from this distance of time upon the life 
that I have* briefl}' sketched, one is impressed with its appar- 
ent early failures and with its really great succ^s, a success 
that is full of encouragement to struggling early manhood. 
Still few men will be so long remembered for eminent ability 
and sterling and loveable personal qualities as Fielding Brad- 
ford Meek. 



i 



Biography of Fielding Bradford Meek. — White, 343 

Catalogue of Mr, MeeWs published writing Sy arranged chronologically, 

1855. 

Report on Moniteau county. First and Second Annual reports of the 
Greological Survey of Missouri. By G. C. Swallow, State Greologist. 
Part II, pp. 96-117. Jefferson City. 

1856. 

Descriptions of new species of fossils from the Cretaceous formations 
of Nebraska; with observations upon Baculites ovatus and B. compres- 
sus, and the progressive development of the septa in Baculites, Ammo- 
nites and Scaphites, (with James Hall). Mem. Acad. Arts and Sci., vol. 
V, new series, pp. 379-411, and 8 plates. Cambridge. 

1857. 

Descriptions of new species of Gasteropoda from the Cretaceous forma- 
tion of Nebraska Territory, (with F. V. Hayden). Proc. Acad. Nat. 
Sci., Philad., vol. viii, pp. 63-69. Philadelphia. 

Descriptions of new species of Gasteropoda and Cephalopoda from the 
Cretaceous formations of Nebraska Territory, (with F. V. Hayden). 
Proc. Acad. Nat. Sci., Philad., vol. viii, pp. 70-72. Philadelphia. 

Descriptions of twenty-eight new species of Acephala and one Gaster- 
opod, from the Cretaceous formations of Nebraska Territory, (with F. 
V. Hayden). Proc. Acad. Nat. Sci.. Philad., vol. viii, pp. 81-87. Phil- 
adelphia. 

Descriptions of new species of Acephala and Gasteropoda from the 
Tertiary formations of Nebraska Territory; with some general remarks 
on the geology of the country about the Fources of the Missouri river, 
(with F. V. Hayden). Proc. Acad. Nat. Sci., Philad., vol. viii, pp. Ill 
-126. Philadelphia. 

Descriptions of new fossil species of Mollusca collected by Dr. F. V. 
Hayden in Nebraska Territory; together with a complete catalogue of 
all the remains of invertebrata hitherto described and identified from 
the Cretaceous and Tertiary formations of that region, (with F. V. 
Hayden). E^-oc. Acad. Nat. Sci., Philad., vol. viii. pp. 265-286. Phila- 
delphia. 

1858. 

Description of new organic remains from the Cretaceous rocks of 
Vancouver island. Trans. Albany Inetitute, vol. iv, pp. 37-49. Albany. 

Descriptions of new species and genera of foFsils collected by Dr. F. 
V. Hayden in Nebraska Territory, under the direction of Lieut. G. K. 
Warren, U. S. Topographical Engineers; with some remarks on the 
Tertiary and Cretaceous formations of the Northwest and the parallel- 
ism of the latter with those of other portions of the United States and 
Territories, (with F. V. Hayden). Proc. Acad. Nat. Sci., Philad., vol. 
IX, pp. 117-148. Philadelphia. 

Description of new organic remains from northern Kansas, indicating 
the existence of Permian rocks in that territory. Trans. Albany Insti- 
tute, vol. IV, pp. 73-88. Albany, 

Fossils of Nebraska. Letter from F. B. Meek and F. V. Hayden to 
G. K. Warren, Lieut. Toj>og. Eng., dated Washington, February 8, 
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1858: prioted io the National Intelligfncfr of March 16, (with F. V. 
Hajdeoi. Am. Jour. Sci.. vol. irr, 2d Ser. pp. 439-W2. New Haven. 

Descriptions of new orgaoic remaiiiB coIle<^ted io Nebraska Territory 
in the year IK", by Eh-. F. V. Hajileo. geolotpBt to the exploring eipe- 
dition under the n>inmaDd of Lieut. G. K. Warren, Topo. Eng.. U. S. 
.^nny, together with some remarks on the geology of the Black Hills 
and portions of the eurroDndin); connlrr, Iwith F. V. Hay den). Proe. 
.4cad. Nat. Sci.. Philad. vol. x, pp. 41-50. Philadelphia. 

Remarks on the Lower Cretaceous beds of Kaneas and Nebraska, to- 
gether with descriptions of Carboniferous fossils from the valley of Kao- 
Fafl river. Iwith F. V. Hajden*. Proc. .\cad. Nat. Sci., Pbilaid.. vol i, 
pp. 2^-26*. Philadelphia. 

1860. 

Geological explorations in Kansas Territory, (with F. V. Haydeny. 
Prtjo. .^cad. Nat. Sci.. Philad., vol. si, pp. 8-30. Philadelphia. 

On a new genas of Pateltiform shells from the Cretaceous of Nebras- 
ka. laithF.V. Haydenj. .Xra. Jodt. Sci., vol. iwx, 2d Ser., pp. 33-35, 
plate I. New Haven. 

1861. 

Descriptions of new organic remains from the Tertiary, Cretaceous 
and JurasBic rocks of Nebraska, iwilh F. V. Hayden). Proc. .Acad. Nat. 
Sci.. Philad., vol. xit. pp. 17:>-I84. Philadelphia. 

De»criptii>n of new foaeil remains collected in Nebraska and Utab bv 
the exploring eipe<lition under the command of Capt. J. H. Simpson, 
of the U. S. Topographical Engineers (extracted from that officer's 
forthcoming reporti. Proc. .Acad. Nat. Sci., Philad.. vol. xii. pp. 
308-31.1. Philadelphia. 

Systematic catalogue with pynonymy. etc., of Jurassic, Cretaceous 
and Tertiary fossils collected in Nebraska by the exploring expedition 
under the command i)f Lieut. G. K.Warren, of U. S. Topographical En- 
iriDM-rs. (with F. V. Haydenj. Proc. .\cad. Nat. Sci.. Philad., vol. xii. 
pp. 417-432. Philadelphia. 

r>e^(-riplirins of new species of Crinoidea and Echinoidea from the Car- 
iHinifiT'iuH rocks of Illinois anil orher western states, (with A. H. Wor- 
th.ni. Proc. Acad. Nat. Sci.. Philad.. vot. mi, pp. .379-397. Philadel- 
phia. 

I),-H,TiptionH of n.-w CiirhoniferouB fos 
wi'Stfi-n sliit.'N. twitli A. II. Worthenj. Pn 
V..I. \ir, pj.. -JJT 47-2- Fliilacleli.hia. 

Kr-inark." nn th.' hi.'" of tbr (i.inialite limest<)ne at R.K-kford. Indiana. 
«n.l itf^ nlati..!. to the -Black Sl.ite" of the western stateaand to e^.me 

„f ,|,r H.ii-^- liii^' rr,.-ks above (he InKer. nvith A, H. Worthen). Am. 

.Ii.iir, Si-i.. vol. xxMi. '2d S.T.. |.p. HIT- 177- New Haven. 

\m± 

I >i'~trTiptionFi of ni'H IVileo/oic foHKilB from Illinois and Iowa, iwith A. 
H. Wiirlh.t.i. \\.>': .\ci»l. Xiil. Sci., Philad., vol. iiii, pp. 128-U8. 
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Descriptions of new Cretaceous fossils collected by the Northwestern 
Boundary Commission on Vancouver and Sucia islands. Proc. Acad. 
Nat. Sci., Philad., vol. ziii, pp. 314-318. Philadelphia. 

Descriptions of new Lower Silurian (Primordial), Jurassic, Cretaceous 
and Tertiary fossils, collected in Nebraska by the exploring expedition 
under the command of Oapt. Wm. F. Raynolds,U. S. Top. Engrs., with 
some remarks on the rocks from which they were obtained, (with F. V. 
Hayden). Proc. Acad. Nat. Sci., Philad., vol. xiii, pp. 415-447. Phila- 
delphia. 

1863. 

Remarks on the Family ActseonidaB, with descriptions of some new 
genera and subgenera. Am. Jour. Sci., vol. xxxv, 2d Ser., pp. 84-94. 
New Haven. 

Descriptions of new Cretaceous fossils from Nebraska Territory, col- 
lected by the expedition sent out by the government under the command 
of Lieut. John Mullan, U. S. Topographical Engineers, for the location 
of a wagon road from the sources of the Missouri to the Pacific ocean, 
(with P. V. Hayden). Proc. Acad. Nat. Sci., Philad., vol. xiv, pp. 21- 

28. Philadelphia. 

1864. 

Remarks on the family Pteriidae (=Aviculid»), with descriptions of 
some new fossil genera. Am. Jour. Sci., vol. xxxvii, 2d Ser., pp. 212- 
220. New Haven. 

Carboniferous and Jurassic fossils. Palaeontology of California (Whit- 
ney), vol. I, pp. 1-16, 3 plates and pp. .19-53, plates vii and vui. Pub- 
lished by authority of the California Legislature. 

1865. 

Palaeontology of the Upper Missouri, (with F. V. Hayden). Smithson- 
ian contributions to Knowledge (172), pp. 1-135, plates i-v, Washington. 

Description of fossils from the Auriferous slates of California Greol. 
Surv. California, Geology, vol. i, (Appendix B), pp. 477-482, 1 plate. 
Published by authority of the California Legislature. 

Remarks on the Carboniferous and Cretaceous rocks of eastern Kan- 
sas and Nebraska and their relations to thoee of the adjacent states and 
other localities farther eastward, in connection with a review of a paper 
recently published on this subject by M. Jules Marcou. in the Bulletin 
of the Qeological Society of France. Am. Jour. Sci., vol. xxxix, 2d Ser. 
pp. 157-174. New Haven. 

Note in relation to a genus of Crinoids from the Coal Measures of Illi- 
nois and Nebraska, proposed by them on page 174 of this volume of the 
Journal, (with A. H. Worthen). Am. Jour. Sci., vol xxxix, 2d Ser., p. 
350. New Haven. 

Preliminary notice of a small collection of fossils found by Dr. Hayes 
on the west shore of Kennedy channel, at the highest northern locali- 
ties ever explored. Am. Jour, Sci., vol. xl, 2d Ser., pp. 31-34. New 
Haven. 

Notice of some new types of organic remains from the Coal Measures 
of Illinois, (with A. H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. 
XVII, pp. W-^A. Philadelphia. 



VM The Amttnoam GrtioftML Dn^hs.iw 

UmuwiM uD tin e«DUE TiLsucranis iT^oUqs, McCic*. ISU: and its n- 
laikiti lu Fufi>wkjtxii)Mdt' KMiiodtwid L* Hem. Uei. villi dsKiiptiotia 
-^ uvw (fwuwc I a-itli A, H. Tort^fm u n«c. Acad. Kat. Sri.. PbOwL. 

l^iMuri^ftitwii i^ iH-ii ^(iM»t« </ CHDcniw. «te^ fron the PaiMonic 
fudwy UJiouiamtd iK«>c</tiMr adjuiuDgBt>it«.(witli A.H. Wottbcm. 
fruL-. AumJ. S»t. fit^ niiiad. tcO. xnx. ii^l US^LiS. Philadelphia. 

iM-m-riyikiL* f4 uea' CniKadea.ete^ IIhbi tbr CkrbonifcnMu roi^aof 
f liiuuia auud •uuw vf 1L« kdjuuuDg atattm, 'ritk A. B. Wartheni. Ptoc. 
A<4^ j:»t. Hd., PbiJ«d.. txjL KTu, n.. U»-13&. Phiiadelphis. 

K'.'ti- •m tbe vrnw <Ul*wt«icriiia* iPUHipa^ Vme- Acad. Xat. Sci.. 

<>iutribulti«ii ti< Ibf poiwajtokigT 4jf lllitwM utd other western etatcc, 
iiviUj A. M.W<jrllM^i. IVue. Acad. Xat. ScL, Philad., it^. zni. pp. 
2ft&2T:i. FbiladeJpbta. 

M'NM-roti'Xiv -Jti the WMmMiaTiic afaxfll MriKtiirear Spirifer cnspida- 
(•M Ki'W*^')', aod ai^cue aiaiilar Atoerieaii fcania. Pwoc. Acad. Nat. 
Hei.. I'Lilaii., nA. svii, pp. 275-277. Philadejphia. 
19G6. 

K'^ 'jn Ui« aiBniti«s ')f (be Bellen^ootidK. Proc. Chicago Acad. 
H>H.. vol. I. |ip. 9 11, Chicago. 

Omtritiutkioa tii tb« paleoatolugy at lUinoifl atid other westerD states. 
<witli A. H. V!.in\i^a). Proc. Avad. Nat. Sci., Philad., vol. xviii, pp. 
•e>l TiT,. Philadelphia. 

\>Kiii:ri\Aummnt Paln-rzoic loasila tnna Devooiao and CarbouiferouB 
r(>irki>"f IlliniiUaiHl other VMtematates, tvitb A.H. Wortheoj. Proc. 
Cliif^o .\'-ad. H-i., vol. i, pp. 11-23. Chicago. 

Dt-McriptioDHof Inverl«briit«a from the CarboniferoUB Bjetem, (with 
A. II. Worthnni. {J(M>li)«lc«l Survey ot IlllDois, vol. ii, pp. 145-411, 
I>|[>U:h 14 'JO, apd %i-?S. Springfield. 
1867. 

Chwk liots of tljfj Invertebrate foBsilB of North America, Cretaceous 
Hnil JiiruMik. SniitbHODian MiecellaneoUH Collections iNo. 177), pp. 1- 
40, WaHliiniftoD. 

(!hi-<jl( liHtH 'iribe Invertebrate foBsils of North .American MioceDe. 
Htriitliroitiiiin MiHci'llnnemisCollectioDB iNo. 183|, pp. 1-32. WaahingtoD. 

Null' iFti ilr-IJIiiiirUH Dame from the Illiaois Coal Meaeuren. .^m. Jour. 
Hri., vr,l. xr.in.al Sc-r., pp. 2."i7, 2.58. New Haven. 

Nnti- nil n iii'W KriiiiH of fiiHsil CruBtaeea. Am. Jour. Set., vol. xmi. 
'Jil Hit., pi-. rSlM. ;tnr>. New Haven. 

On Ihi- piiiii'liili- hIk-II HtrUL'ture of Syringothyria. Am. Jour. Sci.. 
Mil, M.Hi, yil S.'!-.. pji. Wl. lua New HavcD, 

K.'iiiiukHiin \'r>'\. (ii'init^'e view ren]H'C'ting the Upper Paleozoic rocks 
iiiiil f.iH^ilHof Niiiilli.rn N>l)riiBkn. Am. Jour. Sl-i., vol. XLiv, 2d Ser.. 
|i|i. ITli 1H7; oHitiniiecl, pp. :f27-;t:!B: u<.te8 to same, pp. 282, 283. New 
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Fossils from the west coast of Kennedy Channel. Hayes's **Open 

Polar Ocean," p. JHl. London. 

1868. 

Preliminary notice of a remarkable new g^enus of corals, probably typ- 
ical of a new family; forwarded for study by Prof.^T. D. Whitney from 
the Silurian rocks of Nevada Territory. Am. Jour. Sci., vol. xlv, 2d 
Ser., pp. 62-64. New Haven. 

Note on the shell structure and family affinities of the genus Aviculo- 
pecten. Am. Jour. Sci., vol. xlv, 2d Ser., pp. 64,65. New Haven. 

Preliminary notice of a Scorpion, a Eurypterus (?) and other forails, 
from the Coal Measures of Illinois, (with A. H. Worthen). Am. Jour. 
Sci., vol. xLvi, 2d Ser., pp. 19-28. New Haven. 

Note on Ethmophyllum and Archseocyathus. Am. Jour. Sci., vol. 
XLVI, 2d Ser., p. 44. New Haven. 

Notes on some points in< the structure and habits of the Paleozoic 
Crinoidea, (with A. H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. 
XX, pp. 323-334. Philadelphia. 

Remarks on some types of Carboniferous Crinoidea, with descriptions 
of new genera and species of the same, and of one Echinoid, (with A . 
H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. xx, pp. .335-359. 
Philadelphia. 

Paleontology, (with A. H. Worthen). Geological Survey of Illinois, 
vol. Ill, pp. 291-565, plates 1-20. Springfield. 

1869. 

Remarks on the geology of the valley of Mackenzie river, with figures 
and descriptions of fossils from that region in the museum of the Smith- 
ponian Institution, chiefly collected by the late Robert Kennicott, Esq. 
Trans. Chicago Acad. Sci., vol. i, pp. 61-114, plates xi-xv. Chicago. 

Notes on some points in the structure and habits of the Paleozoic 
Crinoidea, (with A, H. Worthen). Am. Jour. Sci., vol. xlviii, 2d Ser., 
pp. 23-40. New Haven. 

Descriptions of new Crinoidea and Echinoidea from the Carbonifer- 
ous rocks of the western states, with a note on the genus Onychaster, 
(with A. H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. xxi, pp. 67- 
a3. Philadelphia. 

Remarks on the Blastoidea with descriptions of new species, (with A. 
H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. xxi, pp. 83-91. Phil- 
adelphia. 

Notes on some points in the structure and habits of the Paleozoic 
Crinoidea, (with A. H. Worthen). Canad. Nat., new series, vol. iv, pp. 
[Reprints from entries 57 and 61.] 

1870. 

Note on the relations of Synocladia, King. 1849, to the proposed genus 
Septopora, Prout, 1858, (with A. H. Worthen). Proc. Acad. Nat. Sci., 
Philad., vol. xxii, pp. 15-18. Philadelphia. 

D^jscriptions of new species and genera of fossils from the Paleozoic 
rocks of the western states, (with A. H. Worthen). Proc. Acad. Nat. 
Sci., Philad., vol. xxii. pp. 22-56. Philadelphia. 
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isn. 

A preliouoar? liat of loarik eolkcted by Dr. HsTdHi in Cotondo. 
New Uezico and Califbraw, vitb brief dcacriptioM c< a few of the new 
•pevie^ Am. Pbitoa. Soc.. Pfailad., rol. n. pp. 435-131. FhUadelpbia. 

PrHinuDvy notice of » dpw apeciea of Trimei^Us froin Ohio- Am. 
Joar. Sci.. toI. 1, 3d Ser.. ppt 306..-»6l New Haien. 

On arjcDe new Silorian Criiioid> and abella. Am. Joar. ScL, vol. u, 
3J Ser.. pp. 296-303. New Haven. 

Deacriptkiaa of new species of iniertebrate foarila from the Carbonif- 
eroiu aod Devonian rocka of Ohio. Proc. Acad. Nat. Sci., Fhilad., vol. 
XXIII, pp. 57-fla Philadetpfaia. 

Deacriptioaa of new apeciea of lo^ala booi Obio and other western 
states and terriloriea. Proc. Acad. Nat. ScL, Hiilad., vfil. xxin, pp. 
150-184. Philadelphia. 

Notice of a new Brachiopod from the lead-bearing focka at Mine 1m 
Motte. Hissoori. Proc. Acad. Nat Sci., Philad.. vol. xxiu, pp. IS^ 
187. Philadelphia. 

DcflcriptioDB of new Paleozoic fd^dls, mainl; fran the CincinDati 
Group at the Lower Silorian aeriea of Ohio. Proc. Acad. Nat. Hci.. 
Philad., vol. xuii, pp. 308-336. Philadelphia. 

List of Carbooiferoua fosnla from West Virfpnia, with descriptknia of 
Dew apeciee. .appendix B, Report of Regents of West Virginia Univer- 
iity for 1870, pp. 67-73. Wheeling. 

Rt-marke on the genua LichenocriniiB. Ad- and Mag. Nat. Hist., Ser. 
4, vol. VIII, pp. 341-315. London. 

Preliminary Paleontolngical report, conaistiDg of lists of tcMaila with 
descriptions of some new types, etc. Prelim. Rep. U. S. Geol. Survey 
of Wyoming and contiguous territories, pp. 287-318. WashingtMi. 
1872. 

SupplemeDtary Dote on LicheDocrioue. .\a. and Hag. ^Nat. Hist.. 
Ser. 4. vol. ix. pp. 247, 248, London. 

Bupplcmentary note on the the Kenus Lit^henocrinua. Am. Jour. Sci.. 
vol. in. 3(1 ser.. pp. 1.V17. New Haven. [See next preceding entry.) 

Dcni-riptions of nonie new typee of Paleozoic shells. Am. Jour. 
Cincii.. vol. vn, pp. 4-10. 1 plate. Philadelphia. 

Di-HLTiptiunHiif twi) new sCnrtkbes and a Crinoid, from the CiDcinonti 
(lr..iii. of Oliio anil Indiana. Am. Jour. Sci.. vol. in, 3d Ser., pp. 257- 
mi. .Nfw Havrn. 

l>i-wri|>tlnnH of new Hpei'ies of fiisRilH from the CinctDDati Group of 
Ohio. .\nj. .I.iur. «L'i.. vol. III. 3d Ser., pp. 423^28. New Haven. 

I>i'W'riptioQa of a few new epetjies and one new genus of Silorian fo«- 
KJh froEij Ohio. .\iii. Jour. Sci,, vol. iv, 3d Ser., pp. 271-281. New 
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Preliminary list of foesils collected by Dr. Hayden's exploring expedi- 
tion of 1871 in Utah and Wyoming Territoriea, with descriptions of a 
few new species. Prelim. Rep. of U. S. Geol. Survey of Montana and 
portions of adjacent territories, pp. 373-377. Washington. 

Report on the paleontology of eastern Nebraslfa, with some remarks 
on the Carboniferous rocks of that district. Final Report of the U. S. 
G^eological Survey of Nebraska and portions of the adjacent territories, 
pp. 83-239, and eleven plates. Washington. 

1873. 

[Gveological Reports on Miller, Morgan and Saline counties, Missouri.] 
Reports on the Greological Survey of the state of Missouri, 1855-1871, 
by G. C. Broadhead, F. B. Meek and B. F. Shumard, chapters 7-9, pp. 
111-188. Jefiferson City. 

Spergeo Hill fossils identified among specimens from Idaho. Am. 
Jour. Sci., vol. v, 3d Ser., pp. 383, 384. New Haveu. 

Preliminary paleontological report, consisting of lists and descriptions 
of fossils, with remarks on the ages of the rocks in which they were 
found, etc., etc. Sixth An. Rep. U. S. Greol. Surv. Terr., pp. 431-518. 
Washington. 

Descriptions of invertebrate fossils of the Silurian and Devonian sys- 
tems. Geol. Survey, Ohio, vol. i, part ii. Paleontology, pp. 1-243, 
plates 1-23, and three plates of diagrams of Ccinoids. Columbus. 

Paleontology. Descriptions of Invertebrates from the Carboniferous 
system, (with A. H. Worthen). GkK>logical Survey of Illinois, vol. v, 
pp. 323-619. plates i-xxxii. Springfield. 

1874. 

Notes on some of the fossils figured in the recently issued Fifth vol- 
ume of the Illinois State Geological Report. Am. Jour. Sci., vol. vii, 
3d Ser., pp. 189-193; continued on pp. 369^376, and 484-490 and 580^584. 
New Haven. 

The new genus Euchondria. Am, Jour. Sci., vol. vu, 3d Ser., p. 445. 
New Haven. 

[Description of] Pleurotomaria Taggarti. An. Rep. U. S. Greol. Sur- 
vey Terr., for 1873, p. 231, foot note. Washington. 

1875. 

Notes on some fossils from near the eastern base of the Rocky moun- 
tains, west of Greeley and Evans, Colo., and others from about 200 miles 
further eastward, with descriptions of a few new species. Bull. U. S. 
Geol Surv. Terr., 2d Ser., No. 1., pp. 39-47. Washington. 

Description of Unios supposed to be of Triassic age. Ann. Rep. Geog. 
and Geol. Expls. and Surveys west of the 100th Meridian, 4°, vol. iii. 
Geology, pp. 182, 183. Washington. 

A Report on some of the Invertebrate fossils of the Waverly Group 
and Coal Measures of Ohio. Rep. Geol. Surv. Ohio, vol. ii, part ii. 
Paleontology, pp. 269-347, plates x-xx. Columbus. 

Description of Oienellus giiberti and O. bowelli. Rep. Geogr. and 
Geol. Expls. and Surveys west of the 100th Meridian, 4®, vol. iii, Geol- 
o^i PP« ^f B3. Washington. 
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STRATIGRAPHY AT SLATED SPRINGS WITH 
SOHE FARTHER NOTES ON THE RE- 
LATION OF THE GOLDEN GATE 
SERIES TO THE KNOXVILLE. 

Bt< B. W ru3B-j.*s«- Bnttaftrj- 0<. 

Ill '.htt- faLJ 'i^ff tSW' n&ff «niiiii«r wrtfiii**! Slale*s Springe in 
'-■Ti:..»,''T ■m'-.r.'h HV- B^ii. i»rtt[»(' ?o-r nb-*- i(EiMTt>J> purpn«« of detfr- 
:■ -i "~ i"'r.i"-7 S.-(::iiiI cS; «rjii]r'zr»ptt!T position of the 
*. I.-,-' i.:'.i ■;■. . ''(i.-riTf '^■;5E>fc paiyjiL'ai;i-jl'"^faI material. The 
;i . ■■■..•■i: ■■•-.ir-ix ,'. r,):^ fi'iT* found ch*re upon the correct 
■•■•■.■: ■ 1 ■. . ■- •! -i:-! ),:£*; ■ ' rWzi K'-^idta Gate Series is an es- 

--:■'■■ -.--„.■: -■ r --.. ' -iV'Ti !!"ne*. 

'. '■■ ■.-■■■ •■•■■. .-•.- .j.i .1 lirr-.'w fringe along (he 

'I ■ ■ i',''' I ■. : ■ ' ::,:■• W.'n:'?'-';!: .^>a>C, and rest against 

" ' .■-■■;i r;,.r \ '■■ -i)i- Stu c^ t.i».'ia range. This ser- 
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^*N-' 



Stratigraphy at Slate's Springs. — Fairbanks. 351 

ments of an Inoceramus were found in the ocean cliffs beneath 
the sulphur springs. In 1894 this locality was again ex- 
amined and a collection of five species of molluscs made in 
addition to some poorly preserved plants.* It was hoped 
that these would be indicative of some definite geological 
horizon, but all the species were found to be new and uncer- 
tain in their time range, though presenting a Cretaceous 
rather than a Jurassic aspect. One species of Inoceramus 
among the lot apj>eared to be closely allied to a Cretaceous 
form. The apparent conflict between the stratigraphy and 
the paleontological evidence tended to discredit the correct- 
ness of the field work. The writer had however felt most 
thoroughly convinced from the beginning that there could be 
no doubt about the propriety of referring the strata at Slate's 
Springs to a pre-Cretaceous horizon (Golden Gate series) the 
rocks of which are so widely developed through the Coast 
ranges. These beds are believed to be continuous with the 
older rocks of Pine mountain. During the recent trip this 
mountain was revisited and the marked contrast between the 
^uce//a-bearing sandstone and shale, with distinct and reg- 
ular bedding, and the distorted and sheared rocks of the un- 
derlying Golden Gate series was more strongly impressed up- 
on the writer than ever before. About the slopes of the 
mountain the knobs of hard and often silicified sandstone 
project up through the, Knoxville f)resenting the greatest con- 
trast imaginable, with the shales and sandstone of the latter 
formation. In addition to the non-conformity on the south 
side of the mountainf there occur on the north side pebbly 
conglomerates containing abundant fragments of the red jas- 
per which is so plentiful in the Golden Gate series in this 
vicinity. 

The pre-Cretaceous rocks extend continuously northward 
from Pine mountain forming all the western portion of the 
Santa Lucia range as far as Vicente creek. Here the series 
rapidly narrows and for a short distance south of Mill creek 
has an exposed thickness of less than 1,000 feet. At Mill 
creek it is somewhat greater but the metamorphism has been 
so intense that it is rather difficult to draw the line between 

♦Jour, of Geol. vol. in, p. 423. 
tJour. of Greol. vol. in, p. 421. 
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in all were found in addition to the plant remains, although 
only a part of th«ni can be even genericallj determined. The 
labor of collecting was very great for the specimens are spar- 
ingly disseminated through the thickness of slate mentioned. 

It seems that there can no longer be any question as to the 
true stratigraphic position of these beds, that is, that they 
represent a lower horizon than the jaspers. 

The. exposure of the strata for live miles with Slate's Spring 
as a center is an interesting one for study. The character- 
istic shearing and silicifieation are well shown, while there are 
most excellent examples of faulting, flexing, and squeezing 
out of the strata. The basal conglomerate is composed largely 
of boulders derived from the crystalline rocks formiiig the 
Santa Lucia range. In some of the finer conglomerates there 
are pebbles of an uncrystalline argillaceous rock, pointing to 
an earlier horizon now hidden. Argillaceous patches, some- 
what thready at times are numerous in the sandstone. Some 
of them appear to be of foreign inclusions, while others may 
represent portions of the argillaceous strata mixed with the 
sandstone during shearing, although at present the sandstone 
appears to be perfectly massive. 

The very close resemblance of these beds at Slate's Springs 
to the strata at the base of th*^same series at point San Pedro, 
even to the inclusion of shaly fragments make it appear that 
both probably belong to about the same horizon. 

Eagle Ranch and Vicinity. 

Following the trip just described the Eagle Ranch, San 
Luis Obispo county, was visited and added proof acquired of 
the unconformable position of the Golden Gate series beneath 
the Knoxville. Just west of the ranch house u j)ebbly sand- 
stone containing Attcella was found at the base of the Knox- 
ville and overlying the shales, sandstones, and jaspers of the 
former series. On the head of the Atascadero as Well as on 
Toro creek the Knoxville shales appear in clean cut contact 
with the green eruptives of the older series. No trace of 
metamorphism was apparent in any case. 

Berrtessa Canon. 

An excellent section of the Golden Gate series is shown in 
Berryessa canon in eastern Napa county. The Berryessa creek 
cuts through a high ridge of the older rocks, exposing on 
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by shearing along the contact, a condition due to aoi upward 
movement of the basement rocks forming the a^es of the 
mountains. Lava flows and intrusives are abundant in the 
older rocks and« with the exception of the serpentine, are ab> 
sent from the Knoxville. 

Moi]NT Diablo. 

Turner* has well described the metamorphic rt>ck$ of mount 
Diablo, but does not state the relation of the Knoxville to 
them. Neither does he express a definite opinion of the rela- 
tive ages of the Knoxville and diabase which is so extensively 
developed on the northwest of the metamorphic area. 

On Bagley creek the writer has noted the Knoxville in direct 
contact with a gabbro-like rock, but there has been so much 
shearing that the relation is not clear, although it is evident 
that the shales near the contact are not metamorphosed. 

On the northeast side of the mountain the Knoxville beds 
are in contact with the *' metamorphic rocks'' (Golden Gate 
series), but the exposures are not good. As in other parts of 
the Coast ranges, the Knoxville shows a regular and even 
bedding, and dips away at varying angles from the core of 
older rocks. The soft strata of the former result in smooth, 
rounded slopes, while, in sharp contrast, rise the hani and 
more or less silicitied sandstones, jaspers and eruptives of the 
Golden Gate series. 

An examination of the large diabase '^ massif ** has con- 
vinced the writer that it is older than the Knoxville, which 
lies on three sides of it. Although the two could not be found 
in actual contact, because of the clayey nature of the Knox- 
ville, the latter appears at no point to show the slightest 
alteration due to contact with an eruptive mass. In Mitchell 
canon the shales are traced to within 200 feet of the contact, 
and it is certain that if the diabase were really intrusive the 
metamorphism would have resulted in rocks weathering less 
readily. An additional fact reported by Turner is that the 
diabase contains inclusions of the metamorphic rocks, indi- 
cating its intrusion into them, while inclusions of the Knox- 
ville are absent. 

There can be no question that on mount Diablo we have the 
Golden Gate series with associated eruptives antedating the 

♦Bull. Geol. Sec. Am., vol. ii, p. 385. 
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only the local names, the definition of which has been verified 
through type exposures existing within the area itself. 

As said, the Galena and Maquoketa series are not uniform- 
ly and consistently defined in each state, nor even indifferent 
•counties of the same state, but varying limits are assigned to 
them. Some time ago the writer tried to outline a more uni- 
form and more detailed classification of the Galena and Ma- 
quoketa series than before existed,* but the same work 
remains in part to be completed. After having made consid- 
erable further investigation it is now intended to advance 
again in the same direction, and since the publications that 
have in the meantime surveyed the same ground more or less 
completely have by no means shortened the way, but on the 
ccmtrary have placed the beginning a little back from the 
point before reached, we will act accordingly. 

In this discussion there will be considered, first of all, the 
classifications by authors generally, and tables of synonomy 
for each division and subdivision will be given, after which a 
better classification will be outlined. 

The Galena series and the Maquoketa series are very favor- 
able for exact division and delimitation and for correlation of 
one exposure with another, because the strata are relatively 
horizontal and quite undisturbed, because fossil remains are 
numerous, often well preserved and accessible, and because 
the division and subdivision are guided by many lithologic 
differences. The subdivisions are, moreover, nearly all co- 
extensive and often constant in original thickness. All taken 
together are not over 450 feet thick, and several beds may be 
found in single exposures. It is possible, therefore, as it is 
also necessary, to combine stratigraphic, paleontologic, and 
lithologic evidence to work out the relations to each other of 
the parts of these two series. The reason why greater uniform- 
ity in classification has not obtained is^ found apparently less 
in the nature of the formations than in the custom of limiting 
research to the bounds of states and counties. Both the series 
and their subdivisions being traceable continuously from Min- 
nesota through Iowa to Illinois and Wisconsin, one system of 
division and of nomenclature would have been the inevitable 
result of wider investigation by each author. But, in the man- 

*Bull. Minn. Acad. Nat. Sci., vol. in, p. 319 (1892). 
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BELOIT FORMATION. 

Blue limestone, D. D. Owen, (1844). Rep. on Exploration of Iowa, 
Wisconsin, and Illinois, p. 19. 

Chazy, Birds-Eye, Black River and Trenton limestones, James Hall, 
<1851). Greology of the Lake Superior Land District, p. 140. 

Trenton limestone, James Hall, (1858). Greology of Iowa, vol. i, p. 54. 

Trenton or Blue limestone, J. D. Whitney, (1858). Geology of Iowa, 
vol. I, p. 341. 

Trenton limestone, 11. C. Freeman, (1868). Geological Survey of Il- 
linois, rep. vol. I, p. 276. 

Trenton limestone, C. A. White, (1870). Geology of Iowa, vol. i, p. 174. 

Trenton limestone. T. C. Chamberlin, (1877). Geology of Wisconsin, 
vol. II, p. 290. 

Trenton limestone, R. D. Irving, (1877). Geology of Wisconsin, vol. 
II, p. 588. 

Trenton (Buff and Blue) limestones, Moses Strong, (1877). Geology 
of Wisconsin, vol. ii, p. 680. 

Trenton, or Buff and Blue limestone, Moses Strong, (1883). Greology 
of Wisconsin, vol. iv, p. 88. 

Trenton (Blue and Buff) limestone, T. C. Chamberlin, (1883). Geology 
of Wisconsin, vol. iv, p. 412. 

Trenton, F. W. Sardeson (1892). Bulletin Minnesota Academy of 
Natural Sciences, vol. iii, p. 325. 

Trenton, C. W. Hall and F. W. Sardeson, (1892). Bulletin Geologi- 
cal Society of America, vol. iii, p. 356. 

Trenton limestone, W J McGee, (1891). Eleventh Annual Report U. 
S. Greological Survey, p. 329. 

Trenton limestone, Chas. R. Keyes, (1893). Geological Survey of 
Iowa. First Annual Report, p.. 24. 

An old subdivision of the "Trenton "or Beloit formation 
is into a lower portion. Buff limestoue and upper or Blue 
limestone. The sjnonomy of the lower divison is as follows: 

BUFF LIMESTONE. 

Buff-colored limestone, John Locke, (1844). Owen's Report on Iowa, 
Wi^onsin, and Illinois, p. 154. 

Calciferous rock, I. A. Lapham, (1851). Geology Lake Superior Land 
District, p. 169. 

Buff limestone, James Hall, (1861). Gteology of Wisconsin, vol. i, p. 33. 

Buff limestone, J. D. Whitney, (1861). Geology of Wisconsin, vol. i, 
p. 157. Quarry rock, (of same), plate vi. 

Buff limestone, A. H. Worthen, (1866). Greological Survey of Illinois, 
rep. vol. I, p. 141. 

Buff limestone, J. D. Whitney, (1866). Geological Survey of Illinois, 
rep. vol. I, pi. 4, ante p. 162; p. 165. 

Buff limestone, James Shaw, (1873). Geological Survey of Illinois, 
rep. vol. V, p. 28, 66, 86, 111, 129. 

Lower Buff Beds, T. C. Chamberlin, (1877). Geology of Wisconsin, 
vol. II, p. 293. 
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UPPER BLUE LIMESTONE. 

Green rock, J. D. Whitney, (1861). Geology of Wisconsin, vol. i, p. 
252, plate vi. 

Upper Blue beds, T. C. Chamberlin, (1877). Geology of Wisconsin, 
vol. II, p. 296. 

" Green rock,'' T. C. Chamberlin, (1883). Geology of Wisconsin, vol. 
IV, p. 412. 

Upper Blue limestone. T. C. Chamberlin, (1883). GJeology of Wis- 
consin, vol. I, p. 163. 

A different division of Trenton was used in the Minnesota 
Geological Survey reports. For example, the strata compris- 
ing the " Trenton " or Beloit formation were divided into two 
nearly equal parts, and the lower half, containing the Buff 
limestone and part of the Lower Blue limestone, were called 
the Lower Trenton Limestone, the remainder of the forma- 
tion, Green Shales. These, with the Upper Trenton Limestone 
and sometimes a division called Galena Limestone, make up 
the Galena-Trenton series. 

Later the term Trenton limestone was used instead of Low- 
er Trenton, and a division of Trenton Shales was made to in- 
clude the Green Shales and part of the true Galena. 

LOWER TRENTON LIMESTONE OR TRENTON LIMESTONE. 

Lower Trenton limestone, N. H. Winchell, (1876). Geological and 
Natural History Survey of Minnesota, 4th Annual Report, p. 42. 

Lower Trenton limestone, N. H. Winchell, (1877). Geological and 
Natural History Survey of Minnesota, 5th Annual Report, pp. 147, 148. 

Trenton limestone, N. H. Winchell, (1888). Greological and Natural 
History Survey of Minnesota, Final Report, vol. ii, pp. 10 (39), 70, 288, 
356, 388. 

Trenton limestone beds, C. W. Hall, (1889). Bulletin Minnesota 
Academy of Natural Sciences, vol. iii. No. 1, p. 113. 

GREEN SHALES. 

Green Shales, N. H. Winchell, (1876). Geological and Natural His- 
tory Survey of Minnesota. 4th Annual Report, p. 42. 

Green Shales, N. H. Winchell, (1877). Geological and Natural His- 
tory Survey of Minnesota, 5th Annual Report, p. 147. 

Green Shales, N. H. Winchell (1884). Geological and Natural History 
Survey of Minnesota, Final Report, vol. i, p. 218. (Hudson River 
Shales), 293, a34. 

Green Shales, N. H. Winchell (1888). Geological and Natural History 
Survey of Minnesota, Final Report, vol. ii, p. 40. 

TRENTON SHALES. 

Trenton shales, E. O. Ulrich (1883). Geological and Natural History 
Survey of Minnesota, 14th Annual Report, p. 57. 
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Th** f^>al#»tia ^HMri»*<> !ia»» aii=K> h#»f^ti divideii intA cw?i part* in ;» 
ftiff^r'^nf munn*^ frrvm the ahov^. aad the di*^ dlvii^ion, under 
rh**- n^mfi^ Tr^mron. ^^nntAinwi the Lower Trmiroii. Gre<*n Shales 
»nd rrpp^n* Tr^nmn, and rhe '»#*fwnd wa» flailed GaI«»Tia. At- 
thr-Mi^ rh#*^ HiviJ^frtn wai» pmhahtj intended t/v be rhe «ame a^ 
rh?^r in Ir>wa a;nd Wuh^nmn under rhe ^ame name, it i?* so 
inu<rh ditferenc that a !*ep»rate heading- b» required- 

Tr^ntr>n Iime»tone, JT. FL Wmchell (MTTu Geolngicai sod Xatnrai 
Hifitr*ry ?h»rv^ of Xinnenota, Ifft Ajumal Report, p, 92L 

Tr*mf/>n limentftne, 3f. W. Harrini^n tlj¥7i5^i- Geologkai and Natn- 
rsl Hi0ftr)iry Hnrvf'y of Minnesnta. 4th Annnal Report, p. 90. 111. 

Tf^nMrm limefftmie. ST, H. Wlnchefl ( 18f7T». Geoiofpeal and Xatoral 
H'\nt/>ry Hnrv^j of Minnesota^ 5th Annnal Report^ p. 25 and HT. 

Tfp^Utn liinefitoTse, X, H, Wmchell rlflW). Geolof^cal and Natural 
Hwtr»fy ftnrv*»y of Mmneflota. Final Report, ▼ol. L p. 37D. 

The term Oalena, a* a<ied er>-ordinate with this last exten- 
sion of the term Trenton, inelodes only the opper part of the 
Oaler^a proper. 

Oalfna lim«*tf»ne, X. H. Winchell (1874). Geological ^nd Natnral 
Ki«t/>ry Hurv fry of Minnesota, l«t Annoal Report, p. 104. 

Oal^nft limffltrme. M. W. Harrini^in ^1876^^. Geoloterical and Natural 
WinUtty Hnrvfy of Minneflr>ta. 4th Annoal Report, p. 91. 

(iHlf-TiA fr/rmation, N. H. Winchell (1884). Geological and Natural 
Wmt/tfj Hnrvf y of Minnesota, Final Report, rol. I, p. 334. 371. 

fn one instance the term Upper Trenton is used to include 
th*- (ruU-ufi exrrliiHive of the ''^'Galena'" as given above. 

Cpf,* r Trfnfon, N. H. Winchell .18^4;. Geological and Natural Uis- 
t/>ry Hurvry of Minn**flota, Final Repf>rt, vol. L p. 334. 

Kx('f'])l iiH jijMt d^iifrrihfd. the division of the Galena forma- 
rion ]\HH nor })f'.*-n attenTr)ted until verv reeentlv. And it seems 
f)0^-ll)h- that the sfparation into '"Upper Trenton," as given, 
»iri<l "('>it\*'U{i' was due to mi«tako and that the intention was 
to ni,'ike the Manx- divi^-ion in Minnesota as in Iowa and Wis- 
eorj^i n. 

The (;fih-na format irm, as a grand division of the Galenn- 
Tr'tilorj '-erit'H and eo-ordinate with the Beloit or ^'Trenton'"* 
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limestone series, is found to have been described under the 
following: 

GALENA FORMATION. 

Galena limestone, I. A. Lapbam (1851). Geology of the Lake Supe- 
rior Laud District, p. 169. 

Galena limestone, James Hall (1851). Geology of the Lake Superior 
Land District, p. 291. 

Galena limestone, James Hall (1858). Geology of Iowa, vol. I, part 1, 
p. 60. 

Galena limestone, J. D. Whitney (1858^. Geology of Iowa, vol, I, part 

I, p. a50. 

Galena limestone, James Hall (1861). Geology of Wisconsin, vol. I, 
p. 43. 

Galena limestone, J. D. Whitney (1861). Geology of Wisconsin, vol. I, 
p. 168. 

Galena limestone, A. H. Worthen (1866). Geological Survey of Illi- 
nois, rep. vol. I, p. 141. 

Galena limestcfne, J. D. Whitney (1866). Geological Survey of Illi- 
nois, rep. vol. I, p. 169. 

Galena limestone, C. A. White (1870). Geology of Iowa, vol. I, p. 
176. 

Galena limestone, James Shaw (1873). Geological Survey of Illinois, 
rep. vol. V, p. 17, 36, 66, 76, 86, 99, 111, 129, 154. 

Upper Trenton limestone, N. H. Winchell (1876). Geological and 
Natural History Survey of Minnesota, 4th Annual Report, p. 42. 

Upper Trenton limestone, N. H. Winchell (1877>. Geological and 
Natural History Survey of Minnesota. 5th Annual Report, p. 147. 

Galena limestone, T. C. Chamberlin (1877). Greology of Wisconsp, 
vol. II, p. 305. 

Galena limestone, R. D. Irving (1877). Geology of Wisconsin, vol. II, 
p. 562. 

Galena limestone, Moses Strong (1877). Geology of Wisconsin, vol. 

II, p. 683. 

Galena limestone, Moses Strong (1883). Geology of Wisconsin, vol. 
IV, p. 90. 

Galena limestone, T. C. Chamberlin (1883). Geology of Wisconsin, 
vol. IV, p. 407. 

Galena (dolomite), T. C. Chamberlin (1883). Geology of Wisconsin, 
vol. I, p. 1(>5. 

Upper Trenton limestone, N. H. Winchell (1884). Geological and 
Natural History Survey of Minnesota, Final Report, vol. I, p. 290,.293. 

Upper Trenton limestone, N. H. Winchell (1888). Geological and Nat- 
ural History Survey of Minnesota, Final Report, vol. II, p. 39. 

Galena limestone, W J McGree (1891). Annual Report, United States 
Geological Survey, p. 327. 

Galena limestone, Chas. R. Keyes (1893). Iowa Geological Survey, 
Ist Annual Report, p. 25. 
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CiDciDnati Shales and Limestone, T. C. Chamberlin (1877). Geology 
of Wisconsin, vol. II, p. 314. 

Cincinnati Group, Moses Strong (1877). Geology of Wisconsin, vol. 
II, p. 685. 

Hudson River (Cincinnati) Shales and Limestone, T. C. Chamberlin 
(1883). Geology of Wisconsin, vol. I, p. 170. 

Cincinnati Group, F. W. Sardeson (1892). Bulletin, Minnesota Acad- 
emy of Natural Sciences, vol. Ill, No. 3, p. 325. 

Cincinnati Limestones and Shales, C. W. Hall and F. W. Sardeson 
(1892). Bulletin, Greological Society of America, vol. Ill, p. 365. 

Maquoketa Shales, W J McGree (1891). 11th Annual Report, United 
States Geological Survey, p. 326. 

Maquoketa Shales, Chas. R. Keyes (1893). 1st Annual Report, Iowa 
Geological Survey, p. 14. 

Maquoketa Shales, W. H. Norton (1893). 2d Annual Report Iowa 
Greological Survey, p. 177, pars. 

The lower two- thirds of the Maquoketa have been some- 
times clearly described as Galena. 

Galena limestone, N. H. Winchell (1884). Geological and Natural 
History Survey of Minnesota, Final Report, vol. I, p. 290, 297. 

Galena limestone, N. H. Winchell (1888). Geological and Natural 
History Survey of Minnesota, Final Report, vol. II, p. 41. • 

Galena. Samuel Calvin (1895). 4th Annual Report, Iowa Geological 
Survey p. 80, 92. 

Conclusion, 

The classification of the Galena and Maquoketa series is 
easily seen to be lacking in uniformity, both in respect to di- 
vision and to nomenclature throughout their extent. Accord- 
ing to strict rules of priority, essentially that classification 
which has been and is recognized in Wisconsin should be valid 
in all four states and all counties where the Galena and Ma- 
quoketa series are found. Indeed, that fact seems to have 
been nearly always recognized, or, at least for no other appa- 
rent reason, that nomenclature is used in classifications where 
even a different basis of subdivision is followed. 

There is, however, in each of the other classifications that 
are in the above diagram a basis of truth, and their deviations 
are founded upon existing characters, whose meaning ought 
to be expressed in any general uniform classification of these 
series. To the Wisconsin classification, which will need to be 
but little corrected, should be added data derived from the 
others, as well as some data not expressed in any. Practically 



«i 




M of thp fifviaional line^ that have b*»^n :^ect<*d by ditferent 
;*iithor9 for ditferpnt lo<»aliti<>« <!»n and oii^t to be reeogniaa»d. 
There •should ♦^ven be added one or vro more in order to ex- 
prelaw more nearly the tme relatione of the -^rrata of the vwi\ 
"*erie« to eaeh other. 8neh a «'l»»^itication \rill be the s^ubjecr 
of the next paper. 



ORIGIN OF THE H\GH TERRACH DEPOSITS OF 
THEr IWONONC^ I4ELJV RIVER-^ 

By I. r. Wbttb, Moniaiit4»wn. W. \rj%. 

At the Minneapoiifl nieetin^ of the A. X^ A. S.. in 18H:^. the 
writer presented a paper before Seetion B in explanation of 
the terraee depo»itj^ jUong the Monongahela river, iw well a* 
thoRe along the old ^nt^ abandoned Teaxeff valley^ which ex- 
tend* from the Great Kanawha at St. Albany, along the (J. Jk 
O. R. R. to the Ohio river at Guyandotte. 

\x\ that paper the ori^n of these depowt* was referred to 
the hypothetical j^aeial dam in the region of Cincinnati, evi- 
rlenee for the existence of which had jnst then been published 
by Prof. G. F. Wright, of Obertin, Ohio. 

r on tinned j^tndie^^ of the riverr between the Great Hlanawha 
«nd the Monongahela have r^till led the writer to refer the 
terrace deposits of the latter river to a glacial dam. but not to 
the one which Prof. Wright believe** exii»ted at (Jincinnati. 

It i* now pretty surely ejatablii^hed, through the work of 
r aril, Hpencer. Hice. Poshay. <';hamberiin. Leverett, and oth- 
>-r^. that the Monongahela. lower Allegheny, and upper Ohio 
vvMter-< drained northward into the lake Erie basin in pre-gla- 
r'ial rimf*. The great icp- field which covered northern Ohio 
and P'^nn^ylvania. and descended 'WUthward nearlv to the 
')lii'» ri\'T ;U R«>r'h»'^r»^r. or Beav^^r. Pa., would, of course, ef- 
tV'^-t UMiiy ^t'-p the northward dr. iinage of thi** pre-glaeial river, 
.jfi'I inip'.nnri th*' ri'-^'nmniatinsr wat»^r into a vaj*t lake-like 
r"-'^-r voir. ::nrii ir riiu-d up to the level of any divides that 
iiii^r'nt > .'i(\ \hf- ^'jrpi'i" war^r :i«T')^j^ them to other drainage 

\\ jrvy ^•\<'\i '*:d ouriet- exir-t. they would furnish almost a 
<i^M',^^r ration of the reality of thij* -supposed glacial lake. 

*- \ (, S. A.' p^F"'''. ff-ad hefort' Section E. of "A. A. A. S.," at 
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which I have named lake Monongahela. The writer has often 
called the attention of geologists to a remarkable old gap in 
the divide which now separates the Ohio and Monongahela 
waters, at the head of the latter stream, just west of Salem, 
on the Baltimore and Ohio Southwestern R. R., thirty-six 
miles w^est from Grafton. It is a valley 300 to 400 feet wide, 
tillecj with clay deposits, and separating Ten Mile creek, on 
the Monongahela side, from Middle Island creek waters of the 
Ohio drainage. The summit of this coll, one mile west of Sa- 
lem, is 1,102 feet, A. T., while the bottom of the cut through 
it on the railroad or bed-rock under the clay-covered summit, 
is 1,081 feet, A. T. 

At the head of Rock Camp creek, another tributary of Ten 
Mile creek, which heads several miles (8 to 10 miles) north of 
Salem, there is another gap through the divide at exactly 1,143 
feet, A. T., as determined by an experimental R. R. survey. 
Also, Prof. T. M. Jackson informs me that there is a third gap 
through the same divide, one mile north from the one on the 
Baltimore & Ohio R. R., and through this the North West 
turnpike passes. 

The general elevation of the divide which separates the 
waters of Ten Mile and Middle Island creeks is 1,400 feet to 
1,500 feet, A. T. Here, then, are three gashes or wiers cut 
down 300 feet below the general level into valleys of consid- 
erable breadth from whose level summits the waters now go in 
opposite directions. 

The escape of the impounded water of lake Monongahela 
would sufficiently account for these old channels or colls. 
Curiously enough, there is another outlet at this same level 
(1,100 A. T.) near the head waters of the West Fork of the 
Monongahela, since the wide level summit at Arnold's, on the 
West Virginia and Pittsburgh R. R., is 1,095 feet, A. T., and 
the railroad is cut five to six feet below the level stretch of 
land which makes the divide between the Monongahela and 
Little Kenawha waters. This 1,100 foot divide at three or 
four different outlets from lake Monongahela, could hardly be 
a coincidence merely, but must represent the old colls through 
which the surplus water of the imprisoned rivers escaped to 
lower levels during glacial times. 
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vicinity of Morgantown, W. Va. A few small fragments were brought 
to the Museum by D]^. Hough, but it was not until 1894 that a collec- 
tion of any magnitude was obtained. These proved to be of so much 
interest that the collection in the West Virginia University has also, by 
the kindness of S. B. Brown, professor of geology, been placed at my 
disposal. This material has all been made use of in the following ex- 
amination. 

The study of these plants has not been quite completed, but enough 
has been done to transmit the following presentation. A few well pre- 
served examples appear to be new to science or at least not readily 
identifiable with known forms. 

Thus far ten forms have been determined with much certainty as 
follows: 

1. Equi'selum arvense L. 

A small fragment of a sterile branch. 

This species is distributed from Virginia to California and north-, 
ward to Greenland, and is also found in Europe. It is very abundant 
and attains perhaps its maximum development in New England. 

2. Oypenis sp. 

There are a number of stems that belong evidently to some cypera- 
eeous plant, but they are too fragmentary to be determined. 

3. Potamogeton robbins^ii Oakes. 

There are a great number of fragments of stems and leaves of this 
species, all 80 well preserved as to leave no doubt as to the correctness 
of their identification. Its present distribution is from New Brunswick 
to New Jersey, north of lake Superior and northward. 

4. Liquidamhar styraci folia L. 

A number of fruiting heads and leaves are referred to this species. 
Its present distribution is from Connecticut and Illinois to Florida and 
Texas. 

5. Plataims occirlentalis L. Sycamore. 

Several fruiting heads are referred to this species. It is found from 
Maine to Vermont, south. 

6. Ulmus racemosa Thomas. The White Elm. 

A well preserved leaf is referred to this BX)ecies. It is now found from 
Ontario and Vermont to Missouri and Kentucky. It is nowhere very 
common, but is most abundant at the north. 

7. Quercus falcata Mich. 

Two finely preserved leaves of this species. It is found from Long 
Island to Florida. 

8. Betula nigra L. Black Birch. 

There are several leaves of this species all perfectly preserved. The 
tree is now distributed from Massachusetts to Florida. 

9. FagMn fenmginea Ait. Beech. 

A large number of well preserved leaves are referred without hesita- 
tion to this species. It is a couimon tree from Nova Scotia to Florida 
and west. 

10. Castanea pumila Mill. Chinquapin. 
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A single leaf only ia referred to this foroi. It non grotf s commool]' 
from Pennsj'lvaDia to Florida and vest to Indiana and Texas. 

The species thus far determined all belonft to living species. Some 
of them enjoy a wide distribution and are still found growinft in the re- 
gion, nbiie others are now only found to the north. On« ia particular, 
Polnmogttan robbinxH, is confined to the north. 

It eeema probable from the evidence of the plants that they were 
pushed down from the north during the ice invasion and were en- 
tombed, while the species ha^ retreated again to the colder area. 

The occurrence of I'otnmogeton robbinnii in these beds ip of 
special Int^re^^t, nince it practically demonstrates that there 
was during Glacial times a movement of water from the edge 
of the ice near Heaver, Pa., southward along the Monongabela 
valley through the escape wiers just described, which brought 
' with it this northern plant. It is possible that a systematic 
search would bring to light many other such northern 'forme, 
as well as throw much light upon the slight changes that have 
taken place in species since the Glacial epoch, because there 
can be little doubt that these plants were embedded in their 
present matrix during the Ice age The particular locality 
in which the plants occur ia near the head waters of two little 
streams which rise against each other, and then flowing north, 
empty into the Monongahela, their mouths being twoandone- 
hal6 miles apart. 

The broad level summit between the heads of the two 
streams is covered with the clay deposits up to 251 feet above 
the present river bed, and at one locality (Mr. Baker's well) 
they have a thickness of 65 feet. The surrounding hills are 
made up of the soft shales of the Barren or Elk River coal 
measures, and it is in just such a sheltered bayou back from 
the main channel of the river that we would exiiect to find 
such deposits in lake Monongahela. 

A fine quality of clay for common blue stoneware, or crock- 
ery, is always found among these deposits where any consid- • 
erablc stream empties into the Monongahela from the west 
(soft rock areas), while sand and boulders predominate at the 
mouths of those streams draining from the east (mountain or 
sand-rock areas). The celebrated pottery clays of Geneva and 
Greensboro, Pa., just north from the West Virginia-Pennsyl- 
vania line are deposited opposite the mouth of Dunkard creek, 
a stream entering the Monongahela from the west, and drain- 
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ing quite a large area of Permian shales. Here the following 
structure is exposed at the clay diggings back of Geneva in 
descending to the Monongahela river: 

1. Rounded boulders, sand, and river trash 50 ft. 

2. Soil, boulders, etc., to top of clay bed 5 ft. 

3. Reddish clay, fine, tough 10 ft. 

4. Clay mixed with sand, and brown iron ore 6 ft. 

5. Bluish gray clay, fine, tough 10 ft. 

6. Bed-rock to level of Monongahela river 140 ft. 

The elevation of low water here is 772 feet A. T . so that 
the rock floor of the old river is now 912 feet A. T. 

The same kind of clay as that at Greensboro and Geneva, 
and which occurs at 150 feet above the river on the Millan 
farm, West Morgan town, was analyzed by Dr. De Roode, 
chemist of the U. S. Agricultural Experiment Station atMor- 
gantown, W. Va., with the following results: 

Silica 65.95 

Alumina 20.23 

Oxides of iron 3.17 

Lime 0.32 

Magnesia 1.36 

Soda 0.53 

Potash 2.60 

Water and loss 5.84 

Total 100.00 

At Morgantown, sixteen miles above Geneva, the level of 
the old rock floor at the head of High street is 916 feet A. T. 
or 129 feet above river level,, and the same at the University 
buildings, which are situated on top of this old river channel. 
But on the west side of the river, at Keek's hill, where the de- 
posit is 70 feet thick, the level of the old floor is only 905 feet 
A. T. This difference between Morgantown and Geneva is to 
be explained because of the soft shale floor of the old channel 
at Morgantown, which was eroded deeper than the hard sand- 
stone of the old channel at Geneva. 

At Ufflngton, three and one-half miles above Morgantown, 
near the mouth of Booth's creek, we find the level of the old 
floor on the hard Mahoning sandstone under a large deposit 
of sand (brought out of the mountains from the east by 
Booth's creek), at 915 A. T., or 125 feet above the present 
bed. 
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Brownsville, Belle Vernon, Charleroi, Monongahela, Elizabeth, 
McKeesport. Braddoek, Homestead, all have their upper and 
more level portions situated on the ancient floor of the pre- 
glaeial valley. It is this wide and almost level area of depos- 
its, stretching from Braddock to the Monongahela, across to 
the Allegheny river via Homestead, and East Liberty, which 
forms the principal site of Pittsburg itself, as well as Alle- 
gheny, beyond. Here a remnant of this ancient valley floor 
is appropriately named Monument hill, rising, as in does, like 
an island between the present mouth of the Allegheny river 
and its filled-up and more ancient channel just north of the 
island. The bed rock under the terrace deposits of Monument 
hill is now 190 feet above low water or 890 feet above tide, and 
the rock floor under the vast terrace deposits at Bellevue, still 
further down the Ohio river comes at the same elevation, 
while the summit of the same deposit there, as well as in Pitts- 
burg and Alieghen}^ has nowhere been observed above 990 
feet A. T., or 290 feet above low water in the present rivers. 

This old elevated valley floor can be followed down the Ohio 
river to Rochester, and up the Beaver river past New Brighton, 
Beaver Falls, Rock Point, Wampum, Mahoningtown, and New 
Castle, beyond which, up the Shenango, it sinks out of sight 
under the drift-filled valleys, and at Sharon is submerged by 
60 feet of cover, 40 feet below the present water level, or 780 
feet A. T. 

The exact course of the pre-glacial river from Sharon north- 
westward to the lake Erie basin has not yet been clearly de- 
lineated, but Mr. Leverett's studies leave little doubt that from 
Sharon the course was northwestward through the low drift- 
filled divide at Warren, O., (now only 900 feet A. T., and its 
rock floor probably 200 feet lower), and thence northward 
along the general course of Grand river. 

Just how long lake Monongahela existed, and drained its 
surplus waters southward through the Middle Island and Lit- 
tle Kanawha gateways, cannot be estimated except by the de- 
posits just described; but finally the barrier along the upper 
Ohio, (probably at the ^'narrows" below Moundsville, W. Va., 
as believed by Profs. Chamberlin and Leverett) gave way, and 
the level of lake Monongahela was speedily lowered by the 
rapid cutting away of the soft rocks along the present Ohio 
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giniii. untl henctr the Kanawha it^f must once hare flowed 
al"n({ Teazett valley, and been captured by another stream 
whi'rh ]<;d it northward to the newly ent Ohio valley, at Point 
I*l-:«-at.t. 

If Hi'- •■III, '■Ut'i'iJii- h<rre iiifti-rred coiild be fully sustained by 
fiirili'-r -iMily nf lli*- Ohio riv*-r ^ysteul, it will be readily ptr- 
ri;:-l rlji.i » i.r.-t!]aciul drainiigeiDHp of Pennsylvania. Ohio, 
V.---I \iri,'iiiia.atidK.-[ilu-rky would bear very little resembjjtnce 
t'l II jiiii|i of ilii- ]iri-!icin (lraiii:ige, for if ihc Monongahelii, 
l,',v..r ;.r,f| l,'j,),.-r Ail>-(:h..-ny onoe went northward into the 
I Ilk I- Krii- l.ii-jri. llitrrt- (.-an be no doubt that the Upper Sustjue- 
rjiiT,ji:i :il-o toi.k ibi- norihward route to the sea, in pre-gla- 
-li.: mji--, iiiul ihiit 111IR-!) of its present course through Penn- 
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$Tlvania i« ne-w. The rp$ult»nt modifications which ^uch » 
change of direction in a gneat rirer STStcm must ncccss^arilj 
bring tC" pne-cxi>ting drainage lines, are $o varied and amaz- 
ing even in contemplation, that their $tudv must furnish manv 
problem^ of surpassing interest to topc^niphers of the modern 
school, so ablj tjpified bj Prof. Davis and his work. 

h e fi»liowing table represents the descent of the ancient 
Monongahela river toward the lake region for a portion of its 
course between Weston. W. Va., and Sharon, Pa.^ as well as 
the present water levels between the same points, and also the 
highest levels of the Morgan town beds, where known : 



Prrt^iMit Ancieoit Top of 
Milct^ riT^r. riv^r. Deposit^ 

A. T. A. T. A. T- 

W<wton 990 1,000 1,030 

40 Clarksburg 916 986 L020 

75 FairmoDt 851 973 1,067 

101 MorgaDtown 787 916 1,038 

117 Geneva 772 912 1,082 

206 Pittsburg 700 890 990 

332 Soche«ter 662 865 

237 Bearer Falls 715 860 

246 Rock Point 740 840 

257 New Castle 780 8^ 

278 Sharon 840 780 

This table shows that while the present river falls 290 feet 
between Weston and Pittsburg, the floor of the ancient stream 
descended only 110 betwen the same points, or onlj about one- 
half foot per mile, which is practically that of a base-leveled 
valley, or one quite advanced in age, to saj the least. The 
rapid descent of the modern river below the old rock floor of 
the ancient one gives rise to the steep slopes and gorge-like 
character of the Monongahela valley everywhere between Wes- 
ton and Pittsburg, while the same is true of the lower courses 
of all the larger tributary streams, the descent in these being 
very rapid in the last few miles of their courses, while in their 
upper reaches the slope is gentle and the topography much 
older looking. 

The smaller streams, which rise only five to ten miles back 
from the Monongahela, descend to it in the last mile or two of 
their courses by a series of rapids and cascades, while the still 
smaller brooks and rivulets have cut more notches in the 
bounding valley walls below the level of the ancient rock floor 




TTv- -xrrtn*r rud :in»a<t^)l 3> arp^Hir a !hmo widi tlu^ mo>^i 
•nnwici^ in « ■'mde *ay ^ii* prv'-^URai <Ir»iia^ ')f Ttt*- «r«^t^ 

)w-fnT>^ anvappmar-n rnarr-^rary <!an benopett fnrttMC oi*- BAp- 
OtT^f > >fc fnr trtirr and. vorv- •kiilfui aT>rfcer9 ;o dur pniis- 
iMn^ :l«^lrL In rhi* -"'miMAEirii [ 'vooui -^i dir ati«in<in 'f 
»c»it/-nD» if ttu; *4injfPt m die formtr mtniiwarn '^mme if di» 
Urrif- B»aT*^ anil die :^ippny Sork. 

The furmer onee w«>nr nofrbwani airmg wirii dw Sonuic^a- 
hrl* (Iruna^. bni: hein^ 'lammnl ip bv rbe aurtfaem icv ft 
n\t a new '^tUDTiej »6'itir llfc«en niiie^ loaS- ^ondiwAnl tnii> 
die ffhifi fiver 'train»t^. sod diii^ fEiOy aceooste for dw won- 
flerfiil Thffiitpt in mpni;r;»phy along die Lower p<trdoD of its 
rttnT*f. a« wejl ait fr.r rhe ^oudiwant transpnrtadon '>f targ^i 
jntnire boulders *«Terat mile* beTond die linia of tme gja- 
rrial movemenc dmit giving ritte rn die pbeuimeiik caUmL die 
"frJBi^" by LewTi* and Wright: for wherever a stream w»« 
rhii* imp'Kinitwl rhe hlirfrto if i<*e Soaring -Miuriiward aerrt»^ 
rhe**. ff-mpfiraiy iak*^ frttm the terminus of the glacier would 
ijf ■•'.iir«e b»-ar away ami, melring, -icatter uver rile surfai-f 
manv ma*'*** 'if inih«WL-d rnvk.. 

Thn :^!ip{><'ry BiK-if niiw join>( the '.'onnoqaenesHng id a CU' 
ri'i'iH mann*rr. by meeting it riir^;t. and the combined strram 
tiim-t 'itf at right angt*-" tn enti^r the Beaver at Boek PoinL 
In jiT'- iitairial timR'the Slippprv RcM'i; left its present (.'hunnel 
.1 -ii'ir' ■li^rari'-'- Jih-pv- K'-nni-'iv'^ upper mill, and folliiwing 
-,,,. ,r.--...u -ri,:.-i- ..r Biu' r-'iri. riirM-<l north westward nifar Sew 
' .i-r:i-, ,;iii .-ijtt!ii'„' -.,ii.ii-i-ir iii-r'p — rhi- present gorge -if the 
\.-h:iiKj'.i-ii ( ■.i!Ni-(i .- li-" ■.[■ p<i-t- i^Ui-ial 'irigin) passed two 
.iiHi .r,.- ji..:' -.n:'..- -j'thi .iI' N"iv ' a.stL- and entered the an- 

,■ ■>]■.[,:, ri.'i.ii.-:. ri.'fir H:.rt,..r Bridi^^. All this is f-illy at- 

:„,:.„. .,,- ■;,,. ,-■.!.. .1,-:]' ■,.iri.-d w:,\[.'y. which .-.in be f-illi.WL-d 

:.■.■,. -i,[;i..-:v l!rr.-^ .■.-■,.- i'j[ i^li f< tlie S hen an go. and the 

■'.■II-'- .1' ■\\:' .\:\'-:--:\-- -i;-i-:in[ iil- jnlirms the conclusion of 

I.i' ■■■■" i:i;ii ■:.-. |jr..._'i.ir-iai liriiiniig-! took the Shenango 
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route via Sharon instead of the Mahoning, and that the lower 
portion of the latter stream is of recent origin. The Slippery 
Rock was turned southward at Kennedy's upper mill by the 
advancing ice-sheet which filled its pre-glacial valley, and on 
retreating left a dam of drift 100 feet high across its former 
course, while the wild gorge and raging stream between Ken- 
nedy's mill and the Connoquenessing, so different from the 
wide valley and sluggish current above the mill, though the 
outcropping rocks are the same, fully attest the recent origin 
of the twenty-mile cut between the mill and the Connoquen- 
essing, near Wirtemburg. 




IDENCE OF THE FORMER EXTENSION OF 
GLACIAL ACTION ON THE WEST COAST 
OF GREENLAND AND IN LABRADOR 
AND BAFFIN LAND. 

By Gkobob H. Barton, Bovtou, Mass. 

The Sixth Peary Expedition to northern Greenland, in the 
summer of 1896, carried two outside and independent parties, 
one from Cornell University under the direction of Prof. R. 
S. Tarr, and one from the Massachusetts Institute of Tech- 
nology under the direction of Prof. Alfred E. Burton. Of the 
latter party the writer was a member. 

Sailing from Sydney. Cape Breton, July 16, on the steam 
whaler " Hope," a fine vessel for work in the ice, the first ice- 
bergs were encountered at the northern entrance to the Strait 
of Belle Isle on the 18th, and on the 19th pan-ice was encoun- 
tered, which was found in more or less abundance as far north 
as Cumberland sound, the entrance to which was so completely 
filled with it that no passage could be found. Stops were 
made at Turnavik, on the coast of Labrador, at various points 
in Hudson strait along its north shore, and on Big Savage 
island; and then, after a vain attempt to enter Cumberland 
sound, a direct run was made across Davis strait. The Green- 
land coast was first sighted some distance south of Disko bay, 
about lat. 67^. A short stop was made at Godhaven, at Sar- 
kak, which is at the head of Disko bay, then passing through 
the Waigat, with a brief visit to the mainland when about half 
way through, and around the end of Nugsuak peninsula, the 
Institute party were landed, on the morning of August 5, at 



Che linin ^wi:rlAittpnc if Cmaniik, on an LslajKl In chie lar^ 
Cmanftk rtnrtl. litt. TO" -U) '. Prnm i^his »a a )Mae #xc«HLdMl 
crip!> wi>r>> msule by boat tn th« bi^ad of Kar^*k: finni. wher? 
thK Cwo Ear3;iftk glaiiit'rs were Mudied in tlRtaiL as w^U *it 
♦ntn** 'if the tmaller one*, and brief obtwrvaD-ms made npon 
all alon^ Thin Sond. »aA aliHi en rtae bead of IdviiliAr^ak. fiord. 
wh-To hriff thMtrTadonn wwrs made apon rbe several gfairisr* 
rherp. Frnm Karajak Sonl visir* wpfr made t*> tli* ih1^ of 
rhi> inland icf in cwf> piai;e!>. and a -Hagit* srip wa» made upon 
it» *nrfaw inland in a dii«»nee of p^rhapH Sfueii oaile^ be- 
yond rhe n>^rw4t »^^po«Mt land. Becarmng to Cmanak. Che 
parry wan takeu on board cbe " Hopp' oa its rmim from the 
north, on *»pt«mher!>: and after brief *uip» alung the Nuj^- 
*«iik peniniwla and at GodhaTsn. sailed direet foe Cumberland 
4oand. off «hi«h rce wai* agwn enmantered which caQ^«ed a 
delay of two day^ before encranire eotild be made to the 
Aoiind. Twn day^t were then dpent in viitiu to Siantilik and 
Bta/'k I^ad ij><and. The latter plaee wa.t left on Sept. 19. nr. 
ine w»it met with and but f«w ber^. and Sydney wa9> reached 
on i^pt. it. with all the members of the varioas parties in 
(food health. 

Ey'l'a':'!^ o/ form'.r ^^t«..nio^ »/ .fhirl^l a-rfxnt. At Tur- 
navik. on the Labrador i-o^t.-it. the whole <-oiinlry is well round- 
B-d ro Che highejit !*iimmit^, giving fine rncht* at'infonii'-et in 
many in-tafT-e-', ,Stri;e are well preferred for 9ome di#iani*e 
ah'ive *e!i-|evel. hut weathering hsscau^^ed them lo disappear 
from the higher elevation^. Furrow* are nnmerous at ail 
elevation-", -ome of whii-h are -trongly curved, in direction. 
The mori')n of the former ice-iheei wa^ about northeast, 
neiirlv n'.rm:il to the eoa^t line. Erratic* are rare, if not cn- 
rir.'lv w^iuiin:;. rh- tVw b.,iilder* pre— -nt -eeming to be due m 

-| h. .-ri,] r.r.';. ..f r.:.l-.rail.>r. from Turnavik to cape Chi.l- 

'■.-%_ ;,- -,-..M fr'iiri t!i^ \-"^"l. hii^i. in general, the r'UHuled 

;.,,],.. ..--i.r .,f i, -sl.t.-h.xM r..iri'.n. In the vicinity of cni>e 

\i. ,.■:■' '.I. h,r .'o' ■■:•<■. TmI.I- liilL White Bear island. :ind the 
Ki.'... ]M' iri.n.t^iit,-. :;.'""i ff-t hijrii. all appearance of 
n,.,M!ir,.' i- i-.-' utiF-r, —.u ilire'-tly i-tf *hi>re. and only *harp 
^,.-.,:.. ..■■ —•:'::,i.:\ .■<\'j,-' ut- -•■•in. sjivin^ the impre^don that 
'■.■ '■■■■w:'-::- i.'T'- i.ii- n-v.-r tn-.-ii ■iverriUden by an ice-sheet. 
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However, when seen from farther south, in a direction trans- 
verse to the direction of the ice- motion, if it passed toward 
the sea, rounded outlines are sufficiently distinct to justify 
the conclusion that probably the ice did override this as well 
as the other portions of the Labrador coast. 

At Big Savage island, on the north side of Hudson strait, 
lying olf the south shore of Meta Incognita, the southeastern 
part of Baffin land, the summits are well rounded and a mo- 
raine lies directly upon the highest point above Ashe inlet, at 
a hight of 250 feet above sea. There were also observed here 
a large series of elevated beaches which were carefully studied 
by members of the Cornell party. The erratics here are of the 
same type as the underlying gneiss, with the exception of 
scattering fragments of a limestone that we did not find i7i 
jiitu. 

On the mainland of Meta Incognita the general rounding is 
very pronounced, the motion of the ice having been nearly, or 
quite, parallel to Hudson strait, and passing outward toward 
Davis strait. The underlying rock here is a coarsely banded, 
highly garnetiferous gneiss, containing many beds of a coarse- 
ly crystalline limestone. The erratics are of the same rocks 
as those below, except occasional small fragments of a fine 
grained limestone or dolomite, similar to those on Big island. 

In Cumberland sound, on the south side, at Black Lead is- 
land and Niantilik, there is the same general reunding, though 
the surface of the rock is highly disintegrated and very rough, 
retaining no appearance of glaciation except upoa the large 
scale. Here also the motion of the ice was toward Davis 
strait. Erratics are very numerous here, much more so than 
at other places on the west side of Davis strait. 

On the east or Greenland side of Davis strait, Disko island 
was the most southern point visited. At the south end of the 
island directly back of Godhavn. the cliffs are very precipi- 
tous, rising at once to a hight of more than 2,000 feet. As 
seen from one of the higher summits at this southern margin, 
the upper surface of Disko presents the appearance of an old 
peneplain with rounded domes and some sharp peaks rising 
above the general level. The rounded domes are apparently 
covered by local ice-caps while the sharper peaks carry only 
narrow area?^ of ice in their small valleys. In this part of the 
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3)K Tw .JMwfiww giirf«jriC mil -i ■ i — 

iriaatt dvcR i* on -mmftiea* ow^si^ bar *s«ers£ mull los^- 
Thmw 4Rnii dnim mnt^iu^ ctimogfa aO. ctu^ vall^» dew^entiLne 

«*t»^ tvn*. hue i« nut ■•««» far abflvff *ea-i«"»«i, ch* nppi^r pnr- 
B*Mi» twHinf «iri»!y fiaPBlrin. Crraiie* if gnaw* *rv anmer- 
»m», (mw^"^. frt ch»* lii^h»*«r l#veii», wtiiirh wQnM unplv cfaac 
farther inlMiil rJw ^pw* ri««t m chi* ^pppr vtrfaet^ -jf che L'*- 
land a» witcjewurf ^ly '"Jhambifrfia. r>r, a» [ un Lociiiud &■> 
chinit. Eliar diirini^ a. f'trnvr ^xE^nnim itf du;- nuua enacineiiLAi 

eh* W»i;pir. Tlriw (Ud n"r allow th* fnvemigacina of chi^ 
prohlKin af W>%o, twir i^vidMiKB ^rf ch« fonsec ^xiemnoa. -if tht 
^•ewnvlsMirf i»^-'?ap in ch* Cmaoak ngina lia» maseA the seri- 
MM ifxiiHdArscinn n( th-i^ ptMMbilirp. Tbc Wai^c ^*tfp»r^u^ 
cbA ttt^anrl nf I>i»kn frt>m th* Sogsoak peniiwaia. ThLi pr- 
aiawilA lA o(M of diR Uu^r«c r-xG^odiii^ iHicwani ^om the wv^t 
cmMK rkf f^nwoiMid. Ic is Contend, neari; mil aroaiHl with 
prnnptCAoa irlilfit, ia 40(ii« plai?t« twHy vvrtieal, wiiieti ri$« 
ft[i«o»r. riirmrti; t» »bmit two tboosaod feet, and noC far inltuid 
a/K pRai» rftaehini; fmm ffmr tbonsAad to »x ihoosand chr«« 
btrarfrM, tb» bi^mtt point as giT*Hi on the Hiart of the Bi^t- 
mIi Admiralty. Tbf: bij^b^tt elevaDna readied heiv at Eka- 
tnic, af^r EtiK orirtbAa^t ^nd nf cb« peaiiutiila. t^ aboat 3.'»> 
fiHtt tihfyvf: the te». and from tbi4 pIa<K eastward s^r^ral 
priint* fr'.tn I,0*Kf tf. J/lO*> feet wen visitwt 

Thi^ p*;nin*iila. lik'^ tint i-tlaod of Di^ko. has its own local 
if.&r-Apm, hut un'r')nn»wt«l. a? far a^ *een. with the ntaia i<*- 
«rafi fit t.hfr tr'iRtiDitar. From this a dOfret^ssion of tongues pa^ 
downward thrfdigh v-^ry many of the valleys of the Dorthea^t- 
*m *ifif. a few snc»-ring the sea. but the greater namber 
*tf.f.fiintf at -',m*: litrli^ distance above sea-Ierel. With two 
afij.^i-Tif •-K'r>-[.rj'.n- th-'v all ^how tvid-^m-e of comparatiTeiy 
r*"-"nt 'lirtiinririf/n. Th^ hightfst p.jint3 visited preiseni well 
r'.'.Ml'-'l 'rurlinfr- <,' cy[.i'-al .■';'.7i.'; m;ufoii—:'e form, and Striie 

'I :■.. .'.-:■, tl'.fi '.f j'-^ h-ri- *ii- appfisimaCely parallel to the 
K:. i-.i^t,. ij ■..-'!, .tliirli Irpiiri'l- it t.n thi; northeast, and outward 
'i,'.,,-i \;-i\h:: - u;iy. Th'- [;i^li'-r {)eak>. seen from a distance. 
.r- :,.'..-•- ,i:ii;ii!'''r. but ru'i^t nf tliem pre^tit some appearance 

M-..r'..>, ..f ,1,-. .-1. n. p. Ml. ' """ 
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of a steeper slope on the west and a more gentle slope on the 
east. The Ekalult valley contains no glacier in the main 
valley, but the valleys tributary to it on the south nearly all 
have glacial tongues descending directly from the ice-cap. 
These all show evidence of diminution so far as visited. The 
main valley has well defined lateral moraines of an extinct 
glacier on its soy them side, which have been cut through by 
the streams from the present lateral valley glaciers to a depth 
of about forty feet without reaching the bed rock below. 

On the nun-atak, between the Great and Little Karajak gla- 
ciers, at the head of Karajak fiord, the highest point, given on 
the chart as 1,200 feet above the sea, but in reality much 
higher, presents a series of most typical ruches moutonn^es, 
with motion about parallel to the fiord, as before. On the 
peninsula of Anat, northwest of the Itivdliarsuk glacier, very 
fine roches moutonnc^es occur on the highest point, about 3,100 
feet above the sea, with the motion parallel to that before 
mentioned. Erratics are numerous over all the region sur- 
rounding the Karajak and Itivdliarsuk fiords, consisting prin- 
cipally of gneiss, which is the underlying rock of this whole 
region. On Anat, however, large numbers of limestone boul- 
ders occur, with also many of a sandstone closely like the 
Triassic of the Connecticut valley. These do not occur in situ 
outside of the ice-cap and must underlie it somewhere inland. 

Old lateral moraines occur along the mountain sides at 
various elevations above the present level of the Great and 
Little Karajak and Itivdliarsuk glaciers, indicating the former 
greater volume of these. A small valley cutting adross the 
southern corner of Anat, the bottom of which in its upper 
portion has about the same elevation as the present surface of 
the Itivdliarsuk glacier, contains lateral moraines, showing 
that this glacier once sent a tongue down this valley to the 
sea, making a nunatak of the extreme south point of Anat. 
At various places along the sides of the Karajak and Itivd- 
liarsuk fiords, at an elevation of perhaps 500 feet, are well 
defined lateral moraines. These are especially well shown on 
the islands of Umanak and Ikerasak, at the foot of the peak on 
each island. These peaks rise almost vertically above the 
rounding of the main mass of the islands to elevations of 
3,100 and 2,500 feet, respectively, both presenting sharply an- 
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It 18, of course, difficult, in a rerision of an old textbook, to amplify 
it cH)ually, and bring it up to date in all directions without the substan- 
tial creation of a new work. One might wish that the author had taken 
the time to make such a new work. It is needed, in the light of recent 
great pro^^ress, and the antiquated condition of some of the views advo- 
cated by the text of this. Perhaps it is impoftsible for a single author 
to compass the whole science of modem geology without seriously com- 
promising and belittling some departments.' Perhaps it is necessary 
that some such method shall be pursued as that recently adopted by 
Eastman in respect to modem paleontology*, i. e., assign the parts to 
specialists, with freeilom to incorporate the latest, well authenticated, 
cla<«sification and the most advanced views. The text before us suffers 
materially in consequence of the non -comprehension of some of the im- 
portant fields of recent research in American geology. The magnificent 
results of the U. S. Geological survey, and of several <^f the state sur- 
veys, brought out mostly since the last edition of this tekt-book, are but 
slightly reflected from its pages, one might almost say entirely over- 
looked. This is particularly apparent in the treatment of the Archean 
and the lowest paleozoic. It is not necessary to specify. This makes 
the work less adapted to the northern states where the vigorous and 
advanced schools of geological science are mostly located, since these 
rocks are specially prounnent in the northern parts of the United States 
and in Canada. 

The common view of the origin of anthracite by metamorphism of 
bituminous coal is given: the exceptions and modifications, and the in- 
adequacy of this view are pi>inted out, but nothing is said of Steven- 
son's theory of the origin of anthracite which was published several 
years ago. and which eliminates these difliculties. The author also 
rei)eat8 the old and insufficient notion of the old edition as to the origin 
of iron ore. making it a result of organic acids acting on the rocks that 
contained it in di^minated state. ''Therefore we conclude that both 
HOW and aiways iron ore is, and has been, accumulated by organic 
agency." This is the sole cause mentioned. On the contrary, that 
several well authenticated sources of irtm ore are admitted by most ge- 
ologists is very certain. In the lake Superior region are very extensive 
deposits of titanic magnetite embraced entirely in the gabbro, and they 
must have been genetically connected with the gabbro, which is of ig- 
neous origin. The decay of basic silicates, and the concentration of 
their iron in suitable basins is a well-known process of iron formation, 
much dwelt on by J. P. Kiuiball. 

The author writes interestingly and forcibly on many general geolog- 
ical topics. That is one of the excellencies of the volume. Its summa- 
ries are often terse and yet lucid: witness his definition of the Permian 
in America, p. 426, or the discussion oT the interior of the earth, pp. 
86-88, and, in general, the presentation of the phenomena and cause of 
the Glacial epoch. 

The phenomena of the Quaternary period, whose cause is presumed 
to have been fluctuations of level in the high latitude portions of North 
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Rojjort F, by D. B. Dowlino, is noted elsewherr in this number. 

Report J, in 157 pages, with a map, is by R. W. Ells, on a portion of 
the Prt»vince of Quebec comprised in the southwest sheet of the *'EIa8t- 
ern Townships" map (Montreal sheet), with a chapter by Frank D. 
Adams, on the Laurentian north of the St. Lawrence river. The forma- 
tions range in age from Laurentian to Devonian, with thick deposits of 
glacial and modified drift, and, on the great plain of the St. Lawrence, 
marine Champlain clays and sand. In an appendix (pages 113-157J), 
Hexkv M. Ami give« preliminary lists of the organic remains in the bed 
rocks of this area, from the Potsdam sandstone to the Devonian. 

Report R, of the section of Chemistry and Mineralogy, by G. Chris- 
tian Hoffmann, comprises 68 pages; and the rei>ort (S) of Mineral Sta- 
tistics and Mines, for 1893 and 1894, by E. D. Ingall and H. P. H. 
Brumell, 187 pages. The total mineral production of Canada is tabu- 
lated as $21,000,000, very nearly, for each of these years. Gold, silver, 
lead, asbeetos, g}'psum, coal, and petroleum, increased in the amount 
and value produced : while copper, iron ore, mineral water, natural gas, 
salt, and pottery, decreased. The production of nickel increased from 
four million to five million pounds, approximately, but with a decrease 
of its aggregate value. w. u. 

The Fonnation of the Quaternary Deposits of Missouri. By James 
E. Todd. (Missouri Geological Survey, vol. x, pp. 111-217, with plates 
xii-xxii, and figures 20 24 in the text; 1896.) Glacial drift is mapped as 
covering the northern two-fifths of the state, mainly extending south 
to the Missouri river, but leaving an unglaciated tract several miles wide 
next north of the Missouri and west of the Mississippi to distances of 
about ninety miles above their confluence. In the central part of the 
state, however, the glacial drift extends across the Missouri river along 
a distance of nearly seventy-five miles. Loess, high terraces, and allu- 
vium, are mapped and described along the Missouri river and in the 
Mississippi valley southward to the vicinity of St. Louis; but the pres- 
ent report does not treat of the contemporaneous residuary and alluvial 
deposits of the more southern part of Missouri, nor of the loess and 
other Quaternary formations along the Mississippi south of St. Louis. 

The till, weathered to a yellowish brown color near the surface, but 
having a leaden blue color below, usually holds only few boulders and 
smaller rock fragments ; but nearly everywhere it contains some from 
remote sources, namely, the crystalline rocks of Canada and Minnesota. 
In certain localities Prof. Todd finds all the rock fragments to be appa- 
rently of remote northern origin. Near the north line of Missouri, the 
till sometimes is almost 200 feet thick; but 8<juthward it rarely exceeds 
40 feet, and is frequently less than five feet. Indeed, over considerable 
areas it exists only in small and shallow patches. It thus ceases toward 
the margin of the drift, which usually comprises nothing more than 
sparsely scattered boulders. Glacial striai are found well preserved on 
the limestone strata near St. Joseph, in Kansas City, and in other lo- 
calities, occurring almost at the extreme limit of the drift. 
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rail and lake shipments. The former will generally be somewhat in ex- 
cess of the latter for any given year, although they will not vary much 
over a period of years. h. v. w. 

Rej)orton the Country in the Vicinity of Red Ixtke and part of the 
Baninof Berens River, Keewatin. By D. B. Dowling. (Geol. Sur- 
vey of Canada, Ann. Rept., n. s., vol. 7, pp. 1F-54F, one map, 1896.) 
This paper presents a report of explorations in an area of 6,.^MX) square 
miles lying east of lake Winnipeg and north of Rainy lake; more accu- 
rately it is situate<l between latitude 50 degrees 30 minutes and 51 de- 
grees 50 minutes N., and longitude 92 degrees 40 minutes and 91 de- 
grees 15 minutes W. of Greenwich. The geological formations, except 
the drift, arc all pre-Cambrian in age and are mapped as Laurentian 
and Huronian. Under the former term are included granites, gneisses 
and some mica schists. The exact relation of the Laurentian to the 
Huronian is not fully stated, although one might infer that the former 
was intrusive into the latter: at any rate several areas of granite 
mapped as Laurentian are clearly intrusive into the Huronian. The 
Huronian consists of schists of various kinds, limestones, altered basic 
and acid igneous rocks, agglomerates and conglomerates. 

In general it may \ye said that the rocks and their relations so far as 
known are similar to those of the closely adjoining Lake of the Woods 
and Rainy Lake regions, which were described a few years ago by Dr. 
A. C. Liiwson, and it seems most probable that the area here described 
by Mr. Dowling is the same in age and general relationships as the re- 
gion reported on by Dr. Lawson. Some of the rocks here classed as 
Laurentian (mica schists) would probably have been put in the Cout- 
chiching by Dr. Lawson, but Mr. Dowling states that other strata 
most resembling the typical Coutchiching are only highly altered 
parts of the Huronian in contact with the Laurentian eruptives. The 
author questions the propriety of extending the name Keewatin to the 
rocks he describes as Huronian, although this would seem to be the 
most natural thing to do. 

The presence of a conglomerate holding jasper pebbles is of interest 
as indicating a possible division of the rocks here mapped as Huronian 
into two unconformable series, a division which has already l)een 
worked out in strata of the same general age on the south side of lake 
Superior by Prof. Van Hise and which aisi> exists in similar r(x?ks in 
Minnesota north of lake Superior. u. s. o. 

The Physical Fetitnres of Missouri. By Curtis Fletcher Marbut. 
(Reports of the Missouri Geological Survey, vol. x, pp. 11-109, with 
eleven plates, and nineteen figures in the text: 181K).) This a very in- 
teresting and satisfactory description of the contour of Missouri, with 
discussion of the epein)genic movements and cycles of subaerial erosion 
to which the form of the surface is due. The general upland, in its two 
parts named the Prairie region and the Ozark region, is a peneplain or 
graded surface cutting across the bevelled edges of the strata. Its alti- 
tude is mainly l>etween 800 and 1,500 feet above the sea. The uplift 
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jjiven. which, in itself, is a preat service to the petrographer. These 
references of course are to all sorts of petrogrraphical literature, but the 
lxK>k itself, in its treatment, involves only those characters which can 
be ajiprehended without the microscope. The glossary, embracing 
mining and petrolt>gical terraa also gives the names of many rocks that 
have bt»en detineil in America. n. h. w. 

Determinative Mineralogy and Blotrpi}X* Anatysia < Brush i. Revised 
and enlarged by S. L. Penfi ELD. New York, John Wiley and Sons 
1896. Oct., pp. 108. Price S3.5l>. Every American chemist and min- 
eralogist knows well the excellencies of "Brush's Determative Mineral- 
ogy,*' for it has been in their lalwratories for more than twenty years, 
and ill constant use. This revision by Penfield, an exjiert and enthusi- 
astic mineralogist, has, mirabiie dictu^ iocreaseil its value. The chief 
change consists in the infusion of more chemistry into the treatment of 
the subject. There is a short introductory chapter which ixmcisely 
sets forth the fundamental principles of the chemical nomenclature and 
combinations which are involvetl in the methods and in the tables. It 
is also rfoticeable that throughout the work, excepting in the tables, 
which are the same as in the last edition, there is considerable enlarge- 
ment. N. H. w. 



CORRESPONDENCE. 



The Ice Sheet in Glacial NARR.uiANSETT Bay. Owing to my not 
seeing proof of my paper on "The Retreat of the Ice-Sheet in the Nar- 
ragansett Bay region," the foll(»wing im{H)rtant features of the Barring- 
ton stage were not discussed in the proper place (see i>ages 150-108). 

Evidence was cited on p. l-'yO to sht)W that in the casi> of the Green- 
wich Cove stage there was a change of water-level l)efore the ice disap- 
peared from the head of the cove. To be exact, the water-level fell otT 
from a hight at least 50 ft. above present sea-level to or below the exist- 
ing marine limit. 

A renewed study of the Barrington sand-plain made with my col- 
league, Mr. T. A. Jaggar, Jr., shows that it, t<K), has a drainage crease 
•'springing out of the air," on the northern border as if from the van- 
ished ice-sheet, and terminating on the southern margin ih a fan head- 
ing between two lobes of the delta front. This fan spreads out in the 
swampy foreground of the clay field and is of the subaerial type. As in 
the Greenwich Cove stage, we have here again evidence of the deposition 
of a delta-like saud-jiiain with the water as high as 50 ft. above the 
present sea level: the next recorded event is the formation of a subaerial 
fan whose base is near or at the present sea level. This fan is known 
to be conteiup( raneous with the ice reinuaut at the head of the com- 
pleted 8and-])lain, because the crease marks the path of drainage out of 
the ice, across the plain, and on to the fan. 

I have already given reasons for considering the liarrington stage 
later than the (ireenwich Cove stage. If thesi* stages were contempo- 
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There is still another error in the authority given for Zygospira Ken- 
tuckieiisis in the description to plate 40. p. 234. The species is credit- 
ed to James. It should have been Netteln)th. Here again Nettelroth 
described as new a species that had l>een describeil 11 years before. In 
**The Paleontologist'' No. 1. July 2, 1878, p. 7, Mr. James says under 
the head of Zygospira nuKiesia var. Kentuckyeusis : '*The fossil for 
which this name is proposeil, by the finder, Henry Nettelroth, Esq., of 
Louisville. Ky." etc. Notwithstanding this we find Zygoapira Ayw- 
luckyeitifis given as a new species by Nettelroth (Kentucky Fossil Shells 
p. 138) without any reference to a previous description. In this case 
the erratum is wrong for the species is there credited to Mr. James. 

Lastly in the citation of authority for Zygospira cinci»natieiiHi$ in 

the description of plate 40, Prof. Hall gives Meek. It would be more 

correct to say *MJames) Meek," for it was proposed by Mr. James and 

credited to him by Mr. Meek, in the Ohio Paleontology, (vol. I, p. 126i. 

J. F.James, M. D. 
Hingham^ Mass,, Sept. 14, J8iW. 

Geolocjy and Mining. A highly valuable article, which illustrates 
clearly the intimate relation between mining and theoretical geolog}-, is 
contained in the October number of the **Zeitschrift fiir praktische Ge- 
ologic,-* which has been published in Berlin by mining engineer Max 
Krahmann since 1893. 

Under the title ••Contributions to the origin of the Freiberg lead ore 
and the Erzgebirge tin veins" are published 30 pages of valuable notes 
which were found among the papers of the late Bergrath Dr. A. W. 
Stelzner, the celebrate<l Freiberg geologist. They discuss the impor- 
tant question of whether the ore deposits or fissure fillings derived their 
metallic contents through leaching of the adjacent rocks or from ther- 
mal waters which ascended from great depths. 

Prof. Fridc»lin von Sandberger of NVtlrzburg maintaimnl the former 
view. He supported the **lateral secretion theory,'' which had already 
Ix^en advanced by him, by analyses of the mica found in the adjacent 
rocks, which mica, accortling to him, contains the gang metals as sili- 
cates, which are found where no leaching has taken place. 

Stelzner opposed this theory and showed, in the case of the Freiberg 
gneiss, that its mica contained no metals, or, if prej^ent, that they were 
not primary silicates. Consequently the Freiberg ore de])Osit8 cannot 
have originated by leaching of the adjacent rocks. And hence also 
(and here lies the great question in practical geology) the chemical cri- 
teria pro]K)aed by Sandberger and whost* application was vainly at- 
tempted at Pribram are unfortunately impossible of application at 
Freiberg and many other mining districits. This exploitation by means 
of chemistry, that is, the drawing of conclusions from the nature and 
leached or un leached condition of the rocks, must nevertheless remain 
the hope of the miner. Genetic relationships between ore deposits and 
enclosing rocks occur on every hand. It is only a question of their 
proper interpretati(>n. 
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lUvfirif. \t»* Xh»- future 'if jfrif:\4*:ii: ^v*jnjf^} . auu ii*»i,i'- lit- jr^i. m^ 

oi'^KM*. ff#ifli«-rai<Kufi aiifJ <rii*ffjjiir! wili fiijcJ iij tu^o. s. fuXKi c' izjn-u^ 

iiyt'M* m tit.u^ ir S(/t-'lHKlf^ Akiziwa. KxiffDBiv*- etrainitc j^fftaci- 
«/f liyimtiw i^i*:ut m tip- hauia KiUi rariK*' of uiouniaJDE. xMsar nt- um. 
li-rij <-ii<J, Hti<iUt lift<'fjt% utiliHt* t*jutU*rHM iif Tucwaj aod tifttn sij.-*^ c- 
tif^r ff</Mi tiii- JifK- <if til'* Htmtij«9rtJ Pacili*' railwav. Txi*r thijzj 
tii<- iKfrMs*! ui •i«tiii«aU'<J at uct I^mk tbau two liundred f«et. Tn- 
ail- iA<fafi> </u ixJK'^ Hiid appMtr Ifi ffM-m a part of a m^eat ■erieF o 
iiii'filr, Ml lit lilts uikJ <|iiarlzit.49*i atHiV4* tli** l>iwer Carlx>Diferoiu iinrtiF:':'ir. 
wliMfii in iarntiiy (icvflopt'd iu tti«^ Haiita Kita Uiuuntaina. 

Wm. I'. Bi^vzi. 

An^iiiti Ht'Jiot}l ttf Miiti*if, t.'nhw.rHity of Arizona, ^iPvemiteT, /**•,. 



Hl-XKNT PUBLICATIONS. 

/. (JiHiffutwut urul Hiaie Repurtn, 
(I. S. Cj«H)l. Hurv«*v, l5ull«*titJiii. No. l£i. A dii;tianur>* of geu^^mphu' 
tKltttti<lllM, iltMir> (^tLiiii««tt: No. iSSi. KfviHioD of the Americati fcisfiii 
(HH'UnmcliMM, Willi d«*M<Ti)ition of ij«'w foruiB. B. H. Bcudder : No. ISTi. 
*V\xv r(iimttt.uli<Mi <if U)i' Hiii(fttie(i, K. W. Clarke: Nu. l!36, A miuerah^r 
II -III li'.Hii'oti of Kriiiiktiii. llain|iMliirv and Hampdeo cuuDtiea, MaaB.. B. 
K. KiutMwiti : Nn. ItfH, T\\v B««ur Kiv<*r fortuatiun and its characteristic 
futiftu. ('. A. Wliit4> : No. l^ftf. Karthquuk<*H in California in 18M, C. I). 
pKtrini*. \(i. WW), hihlioKHipliv and ind«*x of Nortb American geoUi^A. 
pnliMitit(il<i|:%. iM*triilnir> unti niinerak^?} for ltt>2 1HH3. F. B- Weeks; No. 
I'd. Ii««p>trl nf pni^ri>Hi4 of tli»' diviHittn of bydru^rraphy for the caleodar 
.\l'ar^ IHICIuimI 1H)M. V. II. Ni*wi>li: No. 13:!. The dineminated lead oref 
of M>ittht*aNti*rii MiHNiiuri. Arthur Winulttw: Nu. 133, Contrihutionei to 
lh«- ( 'ri'(4ii-tMiUb pnh'oiitolo^'x of the Pacific iH.iacit: The fauna c»f the 
KnoxMllr ImhIk. T. \V. Klanton: No. KM, The Cauibrian rockfi of Penn- 
K\l\utu;i. C. I>. WultMiit: No. l.Ti. Hihlioi;raphy and index of North 
\t»iit h Mil i:iM»l«n:v. pal«Mitit<il<»A;y. iM'iroloiry and mineralogy' for 13M. F- 

\' "s <;,.." Sto\i\. l.'>Ti| \iii-.. Kt'pt: I Vt'ii miliary pa p»er on ihf* trf^'ii 
j\ ■ f " ■ •"' vi. ■! ! M i». .<f t!-.. ri;ii»nl Statfjs. N. S. Shaler: Tbi=» P«>to- 
'•■.■•:•. I. I \V;t» :. S'k' !■ *i I'f \\\* ^'•'•'.•'iry vf the San Fran- •!.<«.••.. 
•• ■ ■ •.■• \ \ Kiw-H • . ]*»• !'M:.;ir> r»|ii»rt 'in the Manju**tt-'* in-c 

.. ... . :^... . . f V. : '^,c . r K Vci' H;«i»' an-i W. S. Bayley. with :i 

-..:•- • • ' K« ' ' . :• ■•.:^' . ' } H L S:'.i> th: The treneral reiali««c* 

- • •• • •'•':• \t ii: til' Pi»-\lmi>ni plateau. G. H. 

-, .■'■■'•<'{ ^'-v\r\\. Mar>iand in^nitrs^ C R. 

'. ■: -'' K' ; •- 1*:. II: Ci^^t-'l'ttfy and n^i-.i^ 
y - ■ ' .:-.-:' -:r :. <.'• !■ r^J- ■, Whitman Cr.^s^i .ii-: 
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R. A. F. Penroee, Jr.: The geologj* of the road-building stones of Mas- 
sachusetts, with some consideration of similar materials from other 
parts of the United States, X. S. Shaler: Economic geology of the Mer- 
cur mining district, Utah, J. fe. Spurr, with introduction by S. F. Em- 
mons: The public lands and their water supply. F. H. Newell; Water 
resources of a portion of the Great plains, Robert Hay. Part III:— 
Mineral resources of the U. S. for 1894, metallic i)roiiuct8. Part IV: — 
Mineral resources of the U. S. for 1891, non-metallic products. 

Illin<iis State Mus. Nat. Hist., Bull. II, 50 pp., 5 pis., Aug. 20, 1896. 
New Fpecies of Patseozolc invertebrates from Illinois and other states, 
S. A. Miller and W. F. E. Gurley. 

Iowa Geol. Survey, vol. 5 i Ann. Rept. for 1895), 452 pp., 14 pis., 7 maps 
1896. Geoiogj* of Jones Co., Samuel Calvin: Geolog>' of Washington Co., 
H. F. Bain: Geology of Boone Co., S. W. Beyer; Geologj* of Woodbury 
Co.. H. F. Bain: GreoU>gy of Warren Co., J. L. Tilton: Geologj* of Ap- 
panoosa Co., H. F. Bain. 

Boletic del Instituto Geologico de Mexico. Num. 3. 57 pis.: maps and 
sections, 1896. I^a geogratia y la geologia de la peninsula de Y'ucatan, 
Carlos Sapper. 

Alabama Geol. Survey. 164 pp., 1896. Iron making in Alabama, W*. 

B. Phillips. 

U. S. Geol. Survey, Bull. i:W, 124 pp., 28 pis., 1896. The ancient vol- 
canic rocks of South mountain. Pennsylvania, Florence Bascom. 

U. S. Geol. Survey, Div.of Hydrography, circular no» 5, 10 pp., Sept., 
1896. Hydrographic surveys, F. H. Newell. 

GJeol. Survey of Ala., bull. 6, vii and 202 pp., 3 pis., 1806. A prt^lim- 
inary report on the upper gold belt of Alabama, W. M. Brewer; A gen- 
enil account of the character, distribution and structure of the crystal- 
line rocks of Alabama and of the uimle of occurrence of the gi>ld ores, 
E. A. Smith; Notes on the microscopic characters of the Alabama 
crystalline or metamorphic rocks, G. W. Hawes; Notes on the micn>- 
scopical character of certain rocks from northeast Alabama, J. M. 
Clements; Preliminary petrographic notes on some metamorphic rocks 
from eastern Alabama, A. H. Brooks. 

Cal. State Mining Bureau, bull. 10, viii and 121 pp., Sept. 1896. A 
bibliography relating to the geology, pala>ontology and mineral resources 
of California, A. W. Vogdes. 

Mo. Geol. Survey, vol. 9, Reports tm areal geology, sheets 1-4; 420 pp. 
4 maps, 25 pis., 1896. Areal geology and its relations to other geologi- 
cal work, C. R. Keyes: Report on the Higginsvillc sheet, Arthur Wins- 
low; Report on the Bevier sheet, C. H. Gordon; Re]K^rt on the Iron 
Mountain sheet, Arthur Winslow, Erasmus Ilaworth and F. L. NasiMi; 
Report on the Mine la Motte sheet, C. R. Keyes. 

Ontario Bureau of Minos, 5th ll8i.)5) Rept., vii and 297 pp., 3 maps, 
1896. Second report on the gold-fields of western Ontario, .\. P. Cole- 
man; Reporton a section of the Height of Land region northeant of lake 
Superior, E. B. Borron. 
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Seienc«.\ Aug. 14. Palei)ntoh>gy as a morphological discipline, \V. B. 
Scott. 

Science, Aug. 21. A northern Michigan lMU»elevel, C, R. Van Hise: 
Current notes on physiography, \V. M. Davis; The *'Kan8an'* glacial 
border, E. H. Williams, Jr. 

Science. Aug. 28. An Ozark 8t>iL O. H. Hershey: luipoesible volca- 
noes. O. C. Farrington. 

Jour, of Gei>l. July- Aug. Decoiuix^sition of riH'ks in Brazil, O. .\. 
Derby: Italian petrological sketches, I, the lk)Ist^na n^gion, H. S. 
Washington: Drainage nuHl ideations and their interi>retation, M. R. 
Campbell: Glacial studies in Greenland, IX, T. C. Chaml)erlin: Defor 
mation of rocks, IV, C. R. Van Hise. 

Schix)! of Mines Quart., vol. 17, no. 4, July, 189G. The gtMiesis of the 
talc deposits of St. La\vn»nce Co., N. V., C. H. Smyth, Jr.: Lectun* 
notes on rocks, J. F. Kemp: Optical mineralogy, L. McI. Luquer. 

.\mer. Jour. Sci., St»pt. Bear paw mountains of Montana. W. H. 
Weed and L. V. Pirsson: Is the land an)und Hudson bay at present 
rising?, J. B. Tyrrell: Principles of North .\merican pre-Cambrian ge- 
ology, C. R. Van Hise, with an api>endix i>n flow and fracturt^ of nK*ks 
as relatiHl to structure, by L. M. Hoskins: Bt»thany limestone of the 
western interior coal-ti;^id, C. R. Keyes: Thickness of the Paleozoic 
sediments in Arkans^is, J. C. Branner: Devonian of north Missouri, 
with notice of a new fossil. G. C. Broadhead: A visit t*) the Great Bar- 
rier reef of Australia, A. .Vgassiz. 

Nat. Geog. Mag., Sept. The rece»it earthquake wave on the cimst of 
Jaimn, E. R. Scidmore: Descriptive toiK)graphic terms of Spanish 
America, R. T. Hill. 

Amer. Jour. Sci., Oct. Notes on some Mesozoic plants from near 
Oroville, Cal., W. M. F<mtaine: On crystal measun»ment by means of 
angular coOnlinates and on the use of the goniometer with two circles, 
Chas. Palache: Note on recently discovereil dikes of alnoite at Man- 
heim, N. Y., C. H. Smyth, J.: The geology of Block island, O. C. 
Marsh . 

Technology Quarterly, vol. 1>. nos. 2 .'J, June Sept., 185Hi. Englacial 
drift, W. O. Crosby. 

Science, Sept. 4. Current notes on physiography, W. M. Davis. 

Science. Sept. 11. (ieological myths, H. K. Emers^m: Commercial 
mica in North Carolina: the story of its discovery, F. W. Simonds. 

Science. St^pt. 18. Section E of the A. A. A. S., W. N. Rice. 

Science, Sept. 25. Current notes tm physiography, W. M. I^avis. 

Science, Oct. 2. G(H)logj' in the colleges and universities of the Uni 
ted States, F. W. Simonds. 

Science, Oct. 9. The (M)rnell exiwdition to Greenland. R. S. Tarr: 
Current notes on physiography, W. M. Davis. 

Science, Oct. 10. The geology of Block islaml, Arthur Hollick. 

Science, Oct. 2.'^. Current notes on physiograi)hy, W. M. Davis. 

Science, Oct. MO. CJeology in the colleges of the Uniteil States, L. 
W. Chanev, Jr. 
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AniPr. Nat., Oct. Fresh relics of glacial man at the Buffai' 
fif th«r A. A. A. S.. G. F. Wright; Structure of UintacriniK. C E 
Keyfts. 

Jour, of Ge<il., Sept. Oct. Drainage modifications and their intrnpt^ 
tatioii, pt. % CViteria for determining stream modification. M. £. Casi|- 
(h'U: The mouchiquites or analcite group of igneous rocks. L. V. Firs^ 
son: Thf Qut^en-p Kiver moraine in Rhode Island. J.B. WoodwortL anc 
C F. Marbut; The priucipN'S of rock weathering, G. P. Merrill. 

Nat. Ge<^. Mag., Oct. The economic aspects of soil erosioc. N. S. 
BhalfT; Ice-cliffH on the Kowak river, J. C. Gantwell. 

C'anadian Rec. of Bci., vol. 9. nos. 1 and 2, 1896. Deacriptioc of a 
supposed new genuH of Polyzoa from the Trenton limestone at Ottawa. 
L. M. Lamiie; Anhydrite in Ontario, W. Nicol; Review of the evidence 
for the animal nature of EozoOn canadense, J. W. Dawson: On a new 
alkali hornblende and a titaniferous anhydrite from the nepheiine-sye 
nite of Dunganuon, Hastings Co., Ontario, F. D. Adams and B. J. Har 
rington. 

Utah Univ. Quarterly, vol. S. no. 2. June. 1896. The Grreat Bait lake. 
past and presc^nt, J. £. Talmage; Bome of the crystalline rocks of Sail 
Lake and Davif counties, Utah, W. D. Neal. 

Amer. Jour. Sci., Nov. Missourite, a new leucite rock from the 
Highw(Kid mountains of Montana. W. H. Weed and L. V. PirsBon: The 
Silveria formation, O. H. Hershey: Local deformation of strata in 
Meade county, Kansas, and adjoining territory', Erasmus Haworth: 
Amphibian fiKttpriuts from the Devonian, O. C. Marsh; Gieology of 
Hl(K*k island. O. C Marsh. 

Amer. Nat., Nov. Fossils and fossilization. L. P. Grratacap. 
IV. Exvi'vpia and lndiridu(il PuhUcatioHK, 

NoT«»fi on PHlaH)z*Mc Crustacea, No. H. — Carboniferous trilobites from 
MisAiuri, A. W. VcKlges. IVoc. Cal. Acad. Sci.. 2d ser., vol. 6, pp. 197- 
liK Junei?4. 1B,%. 

l>n the existoni^e of pre-Canibrian and posl-Ordovician trap dikes in 
!ii- A.lirondjicks. A. P. Cushing. Trans. N. Y. Acad. Sci., vol. 15. pp. 
i4< i.V2. S<-pt.. 1*K). 

i »ri in-an*eite. a sulpharseuite of silver, and on the crystallization of 
..;*siT€-. 5n. L. Peiitield. Proc. Colo. Soi. S*k:.. 15 pp.. read Apr. f*. 

". ^■.: MiiTii* . f.»riik;iru'r.. WhitiiiHi: Cri^sei. Ibid.. 7 pp.: read Sept. 

,- • • » 'f Tii? Tt . ii-i/it* liisrriv':. Cvtiorado, Whitman Cn«e. 
- :t.: >■:•:. 7. l>ti:. 

• ■ ■■:*•■< :!. ::.i .• .■.••/;i.^: "f th»:- Ameritran Museum •.-f 

• .'u: 1. 'i*i> . r O H.vr>. B'jI;. Amer. Mus. Nut. 

'■ • ;. .. :■;:•: .-V ■ -:::i.-:;. Ji:.\ ^L ISS^. 

. - :-'::.i ;iss.-.-:ii:-0. r.vks, S. W. Beyer. K-wa 

" • ■• -. ". *' ••■•^•».s l*&*' 

-. -- i V . \ i.i Lf-.^iiai^l l«»wa Geol. Survey, 
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A handbook of rocks, for use without the microscope, J. F. Kemp, 
vii and 176 pp., New York, 1896; published for the author. 

A preliminary report upon the Florida parishes of east Louisiana and 
the bluff, prairie and hill lands of southwest Louisiana, W. W. Clen- 
denin. Pp. 163-257, 1896. 

Notes on some specimens of minerals from Washington heights, New 
York city, E. O. Hovey. Bull. Amer. Mus. Nat. Hist., vol. 7, pp. 341- 
342. 

Structural details in the Green Mountain region and in eastern New 
York, T. N. Dale. U. S. Geol. Survey, 16th Ann. Rept., pt. 1, pp. 543- 
570, 1896. 

Principles of North American pre-Cambrian geology (with an appen- 
dix on flow and fracture of rocks as related to structure by L. M. Hos- 
kins), C. R. Van Hise. U. S. Greol. Survey, 16th Ann. Kept., pt. 1, pp. 
571-874, pis. 108-117, 1896. 

Notes on the osteology of the White River horses, M. S. Farr. Proc. 
Amer. Philos. Soc, vol. 35. pp. 147-175, pi. 13; reprinted Sept. 7, 1896. 

The Jura of Texas, Jules Marcou. Proc. Boston Soc. Nat. Hist., vol. 
27, pp. 149-158, Oct., 1896. 

The genetic relations of certain minerals of northern New York, C. 
H. Smyth, Jr. Trans. N. Y. Acad. Sci., vol. 15, pp. 260-270, Sept. 25, 
1896. 

The physical features of Missouri, C. F. Marbut. Mo. Geol. Survey, 
vol. 10, pp. 11-109, pis. 1-11, 1896. 

The formation of the Quaternary deposits of Missouri, J. E. Todd. 
Mo. Geol. Survey, vol. 10, pp. Ill 217, pis. 12-23, 1896. 

The glacial deposits of Indiana, Frank Leveret t. Inland Educator, 
pp. 24-32, Aug., 1896. 

V. Proceedings of Scientific lAiboratories^ etc. 

Univ. of Cal., Bull. Dept. Geol., vol. 2, no. 1, pp. 1-92, pis. 1-2, May, 
1896. The geology of point Sal, H. W. Fairbanks. 

Field Columbian Mus. Zool. ser., vol. 1, no. *>, pp. 101-106, pis. 14-15, 
June, 1896. On the skeleton ot Toxochelys latiremis, O. P. Hay. 

Bull. Dept. Geol. Univ. of Cal., vol. 2, no. 2, pp. 93-100, pi. 3, Aug., 
1896. On some Pliocene Ostracoda from near Berkeley, Frederick 
Chapman. 

Univ. of Wyoming, Sch. of Mines, Petroleum series, bull. 1, 47 pp., 
June, 1896. The geology and technology of the Salt Creek oil field. W. 
G. Knight; The analysis of the Salt Creek petroleum, E. E. Slosson. 

Field Columbian Museum, Zool. ser., vol. 1, no. .% pp. 99-106, pis. 14- 
15, June, 189(5. On the skeleton of Toxochelys latiremis, O. P. Hay. 



PERSONAL AND SCIENTIFIC NEWS. 



The Academy of Natitral Sciences of Philadelphia has 
conferred the Hay.den Memorial Geological award for 1896 on 
Prof. Giovanni Capellini of the University of Bologna. 



!<><» 'J'hff Awtrit'ttn Gtolotjht, Decenubcr i-w 

Thk (ii:oLo<,KAL SoriKTY OF AufKiCA will hold it- liinilj 
wini* r mi'i\\ii\i in WaKhinjjjton. 1>. (*., beginning Tues-dav. I>^- 
fc-riilM-r 'JL\K l>**.Hi. 'i'hi- CouiumJ will meet on that dav at b:.>«» 
It. ni.. ai d lh«' Sofii-tv will he called to order at 10 a. m. Thr 
huildiri;^ in whifh the meetings are t/> be held has nctt vet bren 
annoiin*'«-(|. WillardV hotel is Kelecrt^rd as headfjuarter;?. 

Thk TiiAN^VAAL oojj» nKPosiTK, traced and j?iirveved in thf* 
vii'inily <ff Johannesburg, are estimated by Dr. George F. l><*(*k- 
♦*r l<» «'ontain ♦:j.'>oo,iKK>,(>oo f»f the precious metal, or nearly a-^ 
miicli a*' th«' entire volunie of gold coin in the world. The 
«*hief v«-in, oT great widtli and deptli. (»utcrc^pg along a cn^oked 
ccHirni- (»r thirty miles. It is being mined at the ratt* of about 
f loo.ooo.ood ycariy. much ex^'eeding the highest annual pro- 
duct attainwl in iKfi^ >»v California. 

Tjii: ArAi>i:My <»f SriKNCK, St. Loris. At the meeting of 
th<' A<*ailemy of Science of St. J^>uis. on the evening of Nov. 
10, \s\H\, I)r. Charles K. Keyes, ti)e state geologist of Misscuiri, 
read a paper <*ntit]ed "'How shall we subdivide the Carh<^nif- 
erou^r" and prof«-ssor •]. H. Kinealy exhibited a chart for de- 
termining the number of scjuare feet (»f low-pressure steam 
Ilea ting surface re<|uin*<l to keej» a roc mi at 70*^ F.. and gave a 
description «»f thr method ui making the chart. Two active 
memb«*rs and one life member of the Academy were elected. 

William Tkelease. Hecordhttj Sevreftirt/. 

Mil. •!. H. WoonwoKTH. in the Proceedings of the Boston 
Sorit'ty of Natural Hi»^t«»ry (v(»l. xxvii. pp. 163—183. with five 
plau-s. Nuvembrr, lN9t»), discusses the fracture system of 
joints. es]H'cially (h-M'ribing the feather-fracture observed on 
joint pl:ine< in llu- «laies of i.'ambridge and SomerviUe. Mass. 
F«»r tlu*<e aririllareous strata destitute of slatv cleavajje. vet 
hilht-rto rnnnni»nly calleil slates, Mr. Wtiodworth adopts the 
naii!t\/'v •*' >. wiiich iuiplit-< no structure other than that <»f 
• ir:i:ii:;tl stratiru'ativ>n. S^me <»f the larger fractures of the 
••Mri':"^ •Twsl. as the lung t-Mrvrd r»t-rie-: of the volcanic islands 
^■>' '•:!:;:: tije we^irrn •^hurt- **f the Pacitie Mcean. and also th^- 
^ :• l»f T^ .'! the H:i\v;iii:iri i^?:»!jti'i. are shown In be anal- 

_: - • :■ ^ ' -.■.> :■: :■ ■••k f.'r!i]:it:"!i-. w. i . 

In; \Nj' K:>; •• \ :.'};. :f ::;■■::■!. !y J«i-irnal devoted t<» ill*- 

• :■ 1 ■..:.; ■: ^: -i; iT T'-rr*- Ilauii-. Ind.. ha^ i-^- 

' - . :» I- :•'; ■ : : ^- •■ •' . w iiivMs i^ e..ndueted !»v I»r- 

' i: !' \ -. I ^ • '^ •: -.ii--'- *.v Mr. Frank H. Tayl-^r 

!..« rt-r-tia'i !ake<. alr-.-iuiv 

: •• ;• :■ ' !:i-! Ai!iru-t luitii^—- 

j ■ . ' ".• ;•■>::- -kf Indiana. Ft- » 

'. .' *. riT.d erib<*di»'S rh»^ n'.;i- 

•.:■■".:! t?-!«I observatii-: ^. 

■ -- ■ _: :• :; tn.i ill loop^Ml c^iir^i-s. 

^ : • r^. are mapped by M- 
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Leverett, and he ably sets forth the evidence of succesiaive 
cstages or epochs of the Glacial period. The average thickness 
of the drift in northern Indiana is estimated to be !i50 feet, or 
perhaps even more than 300 feet. w. r. 

(Jeulogt IX THK Colleges and Uxivkusities of the United 

States. 

rnder this title. Mr. T. C. Hopkins contributes a valuable 
statistical paper of 54 pages in the report of the Commissioner 
of Kducation for the year 1S08 94, which was publislied and 
distributed a few montiis ago. Delinite statements are given 
concerning the time devoted toge(»logical instruction, the sev- 
eral ctuuses offered to students, opportunities for field work, 
and the lab(»ratory, museum and library equipment, in each of 
the 878 collegiate institutions of the United States which give 
instruction in this science. In twent3'-four colleges, geology 
is taught by the president: and in seven colleges by a lady 
professor or instructor. During the year of this report, sixty- 
eight graduate students were making a specialty of geology, 
including eighteen in Johns Hopkins University, thirteen in 
tile University' of Chicago, and eleven in Harvard University. 

w. r. 
Geologic Atlas of the United States. 

Seven new folios of this admira}>le atlas, with descriptive 
text, have been recently issued, as follows: 

21. !*ikeville folio, in Tennessee, by Charles Willard Havvs. 

22. McMinnville folio, in Tennessee, also by Mr. Hayes. 

2?J. Nomini folio, in Marj'land and Virginia, by N. H. Bar- 
ton. 

24. Three Forks folio, in Montana, by A. C. Peale. 

25. Loudon folio, in Tennessee, bv Arthur Keitii. 

26. Pocahontas folio, in Virginia and West Virginia, by 
Marius K. Campbell. 

27. Morristown folio, in Tennessee, ])V Arthur Keith. 
Eaeh folio maps an area bounded V>y arcs of a half degree, 

exce|>ting that of Three Forks, which measures one degree on 
each side. The scope of the maps and descri])tions, including 
ample details of the to[)ogra|>hy, local formations, and mate- 
rial resources, was stated in th<^ Ameuican (iEoLo<iisT for last 
March (vol. xvii, pp. 177-i7i)), with notes of the previous 
twenty folios. w. v. 

AccoKDiNc; TO Mk. S. F. Emmons th(»re are in the Hlack 
Hills three types of gobl depcKsits: The Homestake type of 
deposit, the sili<*eous gold ores of th(^ ( -anibrian, and the pla- 
cer deposits. Th^* first o<*cur in sheets often several hundr(»d 
feet wide along w mineral-l>earing zone, which is mostly con- 
trollerl by the Honiesijike company, and is now worked to a 
vertical (b'pth of SOO feet. 'I'he placer d<*posits are |)artly 
an<?ient or fossil placers at the base of the Cambrian (Middle 



4tc Tut Am*€rtau4 ytitk/pMKi 

jui: jx. i«i*" iTi»u itH- di-jui^arrMTjiii i»:f ti**- mio^ i^iji**-??- I!*it- 
^t^<-uli— t *]ij^**-<.ij» ^ri.jt. <»T**- i««-f'iir 11. tiK T*fiii2iitir&' «r imu T-. 

UI l»ff£i* *1UL JlJ'.*JUU-*l l«'.»r]UtT-^ Uudlt*^ 11- Ult -^i-^.UV-L T-^ 'L 
«ir'»llDt •.ir-'T - J^fHl. iJliL l>«Jt lIi<»UllUlll.. 1« Tilt TV-*-s- tT^ Tit* 
1j < I Ju^wuijk* Uri: Tli* 'T-* UutUr**- UTt «iij*r*'<»li-' T^JiJi**-fllrfirr- ■: 

'yifruiii t#**a* ji. li#* ui»i#tr uijl i»nRr-— imn- o- Ui* -i«r3iuiii a 
ihr-ii* <*— -iiiiiiv- -ij**^> i»- tiiii-**^ viij*ri Jiuv* 1*-^ 2unt-Tiiiix-i 
Ir.iU '.'^-^Uiii. iii»m iiut. -••irn *^ii"ji* ••• If-ipiUT**— ji^rid** -iiitri 
•*^-*ij"iij** — *viii"i \rix\'*'r^ i«nj -lii-ti i !i**Tiiar^ u«t** ioiL -r-in- 

i«:jUiZr^t vni ir»»JU -eiiu*.- !r— ir vonjiJii»-t. irrti te-=1iu-[iiil 
j'li* <»r- liMtih^ti ar- •»: irr^-u*: ioiixriiudiiia ■•.'in-ran. lui^T^mc »t-ei 
\ru"^L '-'I Pill mill '1^7 J I 111* \fuu^i Ik'-^i-iiTL mail jir Hiin*' 
"iixiU-^juiL it*^~ n *iiiii* vto-ifr- lih^T uT* rw*:!'v* 3^-*^ tiiirii ina 
iijt»r* iiijii. i. iiiniurf*t. i-e*^ •wiu*. Z'li**^ ir''^=*- ijroniHr^ »?! ru- 

li<»— iiiu: ill'llT* CJ^Vr'H»JJIlr*:'Urt. 

Til* irr^: imi*^ •»? iii* ^-v-fimu: v.j*i iir Atmr 3inliM>i. «i'":- 

li**!. \T"»n*»fif'li J}- til •:-..■ Z.*utf JMtttttf tfftr J#/i»'.7. Jtitiiuf -Tr~ 

vnni* n«V*-sttpjI|i»lJ- <»I -Mill-^ IrsiUllt. i-(IHC HsiUIlL.. JB.»Lmi» * 

'^"lU-'^'aTL aiit iNaiiui-r-ji-e- imv- iiti»v-*l i* uiirrr id zr^mnri^ 

« • * •■ 

'•iiiiujinn^ turnmrii-'in. aiit it wa- finrfiUfiiiirr -esitf^tn^ttc "Liin" 

1. ••iiT'i.'ll viaimilJiiliOl •! 3Jh»fS hrflUHt: 'WnillL -SllOV lUJ* ai-i 

v.-r. iiir.iiijf-t. M 11": •■ iiUvjufDi-'iij iu**ini*!ii viti tin*?** <i:' ".it- 
t»;ip"" iM"iii:ii*— i •••ii»— 'iHH i»: "n»— -Ih- v/a- uiiiD* ^'Uirri itr-n- 

iiiK'.^aii-i "ill* ••vn*-*' viih^r-Ti " "»^*na»*^ou* -frmiLL m iif 

J- lain. 7'l»t ninl""";a ?''»l!-"'l*'L ••••IHt-n-'L *rl iniil," Tt-J!.!^-!**-- 
:il:l»""!*-'l' li"""--'— .-L illit •!■ IlM'lllrrr.* 11 i. ir'»««L ■su.';+- ■: 

II---**'— a-ini. Tii"^' ui"i-r t.-<;t- ithTi-Lrii-c T«T ?*r*r i ? 
Vi. :ii-i(. uiit Till i?s: iiiinii»*r* i-?i -K],-?Mt-^. il u6cL~i:a " 
--..^-T,,.... .^-.- ''•"Tiinnr* 11 it->-is;iit- iiai i tniy-n Htn"* T*lr?T k^* 
- . •:. . ]'- .-v-- ^--■•:. -jii'i ::;a~ a:iL v"-* -iinic t?- _r .*"': 
:.:■•■; .•• ::■ ^-i. :•• .ii-i*- ■ :;•• -j.d»- •••»iiLi ~. ► iir?- :i 'v :_ • i 
- :...:-■ —- ..- ;i; ■ • 1 ] ••;::»i :i "It- *rit**' ••••i.l f-^ !!••:- 

V :- ,. - : ■■ -I'l :«i'"— ^Ji' '• • • JlTall '':"^- ~ -Ir- *!.•"- 
. 'M -::.:< I .: "i- ' <• ;:-'-'"",i.Il "V'lt-r Ir^ H Tr 

-•::■■:..:- • ' . . ' I J " ■ ■ I : ! 1 1 L i n jL a'-i I j: t • . i *. 

.■■ " -,■ ■ . , .w-^,., J. ill !h-': C.-^" '"♦■•^1 "■! \ 
:•■"■ :.•-■ V-,. jr— — '— -n !!!■•- ■.J''^* T-r- 

■ ■ ■ -■ t ■ :• I ' ■ "■•! \"i. :ii--«i. VI' !:af ^ I r:-. *:.-*! 

'..■• ^ ■ i'- !■■'-;. :i aLiL"H'«l " ▼"! 1 " 1 a 



Personal and Scientific Xeivs, 403 

furnished the proof that had been confidently expected. The 
specimens collected were exhibited. 

The second paper was by Prof. J. F. Kemp, On the Glacial 
or Pout-Glacial Diversion of the Bronx Bicer. The speaker 
showed that the Bronx river from its source to Williamsbridge, 
follows an old valley, excavated in limestone. This valley 
continues from a point below Williamsbridge to its end, on 
the sound opposite HandalTs island, and there is a depression 
the entire distance. Just below Williamsbridge, however, the 
river turns from its old valley and breaks through a ridge of 
enelosfing gneiss on the east. It has excavated a gorgt: about 
70 feet deep, with large fresh pot-holes remaining on the sides, 
respectively at altitudes of 20 and 50 feet above the stream. 
The maximum hight of the divide between the present chan- 
nel and the older one is only 10 to 15 feet. The speaker found 
ditticulty in accounting for the diversion, in that no barrier 
of gravel or other deposit is visible along the line of the old 
channel, which would turn the stream from this across the 
high ridge in which is the gorge. The freshness of the pot- 
holes indicated that the stream had cut the gorge during 
glacial times and since then. He therefore referred the diver- 
sion to the ice of the continental glacier, a lobe of which must 
have filled the earlier channel. Jt is probable that the early 
excavation was done by a subglacial stream, heavily loaded 
with sediment. 

The third paper of the evening was by D. H Newland, on 
the Eclo(jite8 of Bavaria, The speaker described the extent, 
and mineralogy of the rock<? and his attempts to discover their 
unmetamorphosed originals. Chiefly on chemical analysis he 
was led to infer that they had been original diabases or gab- 
bros. 

The section of Geology ynd Mineralogy held its regular 
monthly meeting Nov. 16, Prof. Albert H. Chester in the chair, 
as chairman /pro tern. The first paper was by Dr. E. O. Hovey, 
entitled '* On a deep well-boring at Key West, Fla." Dr. 
Hovey described the geological section uncovered by the well 
for a depth of more than 2,000 feet. A number of microscopic 
organisms were obtained. It proved somewhat diflScult to 
identify the geological horizons, but without much doubt the 
well penetrated a considerable distance into the Miocene. In 
the limestone many grains of quartz, possibly of secondary 
depositions were met, and also rolled grains of quartz, doubt- 
less in the nature of sand. Dr. Hovey comments on the sig- 
nificance of the phenomena, and expressed his obligations to 
professor Alexander Agassi z, from whom the samples had been 
obtained. The paper will appear in full in an early number 
of the Bulletin of the American Museum of Natural History. 

Prof. A. J. Moses then exhibited a number of new minera- 
logical instruments which had recently been sent from Europe. 
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TiiHj inr*liid«Ml w little iiiiju«table dark room whii^h <!(»uid be 
fltt<*fi to a Futfss Ni>. 2 goniometer, ??o that fryatalr? <Miitld b«^ 
ni*»aHrjred by rlaylij^ht. Perfeft ^»ignal») ooiild be nbtaineiJ 
*»vpn in a well lighted room. The instrument is ralletl the 
Traiibe Verdunklungsvorrifhtung. The universal rotatinn at- 
taehinent for mineralogieal ralerosoopes whieh has been in- 
vented by profep«<i>r Klein of Berlin, for measuring the angle 
of the op tie axes of microseopi** ery stain was also shown. 
Klein*?* new rotation apparatus for the orientation of thin 
Heetions was next deseribed. The new attachment, whieh 
ean be adjusted to a Fuess goniiMneter No. 2» f<ir meas- 
uring theopiie axes, was -shown find an opportunity w;i«s jit'- 
forded to test it by jietual experiment. The von Fedeniw 
miea wedge (glimmerkeil ) whieh eonsistsof a serie*» of super- 
posed \ undulntion nn<'a plates, und is used for all the pur- 
poseM of a «]uartz weflge. eoncrluded the paper. 

The third paper was by Mr. A. < -hester Beatty. entitled 
'*The .Minerals of the Klkliom Mine. Montana." Mr. Beatlv 
exhibited, with eomm#*nts. a remarkable ?jeries of calamine, 
smirhsonite. native silver ami other minerals. 

Profes«ior A. H". ( "hester presented a paper on the new di-»- 
eoverv of the brassy, mi<*aeeous mineral whieh seems, from the 
only analysis, to be ehaleoilite. and which has been found in 
a «|iiarry at Roeky Hill. New Jersey, He also exhibited a re- 
markahle si-ries of riitile from < rraves mountain. (.retirgia. 

< r. P\ Klin/, deseribed a n^w nn*t<M)rite from <Tuatemala, and 
rejid rt joint pap*^*r f>y \)v. Hillebranil and himself upon a new 
dir;«M)\v'ry of |ir»»?*o{iitt* in T'tah. Fie rt*ad also a joint paper by 
Morris Ff'*ighrs. and hy Prof. J. F. Kemp, who remarked <^n 
the inr*-re«ar arta<*heil lo this a^-ioiriation of minerals, because 
I if rhf dilf«'r'*ne'' of opinion prevailing a monir geologist-^, as to 
wht'tiuT rh'-y indicate rontaet metaraorphism or merely re- 
gi<ir;al nit-ta morphism. 

Ti,'- la*r pnfx-r of the ev«*ni ng was by Prof. J. F. Kemp, en- 
fitl.-i| •• Kxhibition of intf-rp^tin'j: niin<-rnls e<ill»:»<»ted during 
:i-:i>"-." T!i»- -p'-ak'*r '-xljlhited ••oVrllib*. goslarite, en- 
'■i,.i'c.i'-; !.■ <irnl f'-nviii'-tlrir- fi-'M^i Hiitri-. M«)ntana. whirh 

ill:'- i-rv-taU. H»-iii ark ably large pri^m^^ «tf 

.•■ \\ .\'-\\ fli'l- '.vr-r- mUo -^hown, antl zin*«»n'« 

Af-ii^x !:!••. K-'.'\ '-'.iinTy. New York. 

'•', i! •• 'I!'"'- r-.-on! a '{iiarry near Heading. 

\;,: :■■•.••: ^rMr W'H'bling of Trenton, New 

»'.*.. :::•• i':ii-»'r I'V I'rof. ("hester. The 
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ERRATA. 

On page 132, 10th line, for "latter" read former. 
On Plate XI, change the explanations so as to read in the following 
order downward: 

Cut surface showing oxidation. 

Edge view. 

Side view. 
Page 179, read tenuifllum. 

Page 217, fifth line, for Prof. E. O. Hovey, read Dr. H. C. Hovey. 
Page 268, third line, for i^ inch, read 1 inch. 
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